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May 17 and August 2, 2013

Errata, “Allergen-Specific Immunotherapy for the Treatment of Allergic Rhinoconjunctivitis
and/or Asthma: Comparative Effectiveness Review.”

The following errors appeared in the Comparative Effectiveness Review, “Allergen-Specific
Immunotherapy for the Treatment of Allergic Rhinoconjunctivitis and/or Asthma: Comparative
Effectiveness Review.” These errors did not affect the overall conclusions of the report.

In the Methods section, the definition of single and multiple allergen was missing. It should
read:

“In this review, multiple allergen immunotherapy was defined as the use of extracts
containing more than one allergen species, including cross-reacting allergens. Single
allergen immunotherapy was defined by the use of a single allergen species, and not by a
class of allergens.

Allergists may apply different definitions of single and multiple allergen immunotherapies to
our findings. Multiple allergen immunotherapies can be defined as the use of extracts
containing more than one allergen class, whereas single allergen immunotherapy can refer to
the use of closely related allergens within the same class. For example, a study using a grass
mix allergen (or tree mix, or 2 dust mite species) could be considered a single allergen study,
whereas a multiple allergen study could use different classes of allergens, such as tree and
grass.”

Lastly, in Table 27 (Body of evidence for sublingual immunotherapy affecting
rhinitis/rhinoconjunctivitis symptoms), the direction of change for Tseng 2008 and deBot 2011
appeared as positive when these two studies, in fact, showed a negative direction of change.

In the Executive Summary, Page ES-11, we said, “The strength of evidence is low that
subcutaneous immunotherapy is superior to sublingual immunotherapy for control of allergic
rhinitis and conjunctivitis symptoms.” This is an error since the strength of evidence for this
outcome is moderate, as stated in tables in the full report that refer to this outcome.

Again, these errors did not affect the overall conclusions of the report.



This report is based on research conducted by the Johns Hopkins University Evidence-based
Practice Center (EPC) under contract to the Agency for Healthcare Research and Quality
(AHRQ), Rockville, MD (Contract No. 290-2007-10061-1). The findings and conclusions in this
document are those of the authors, who are responsible for its contents; the findings and
conclusions do not necessarily represent the views of AHRQ. Therefore, no statement in this
report should be construed as an official position of AHRQ or of the U.S. Department of Health
and Human Services.

The information in this report is intended to help health care decisionmakers—patients and
clinicians, health system leaders, and policymakers, among others—make well-informed
decisions and thereby improve the quality of health care services. This report is not intended to
be a substitute for the application of clinical judgment. Anyone who makes decisions concerning
the provision of clinical care should consider this report in the same way as any medical
reference and in conjunction with all other pertinent information, i.e., in the context of available
resources and circumstances presented by individual patients.

This report may be used, in whole or in part, as the basis for development of clinical practice
guidelines and other quality enhancement tools, or as a basis for reimbursement and coverage
policies. AHRQ or U.S. Department of Health and Human Services endorsement of such
derivative products may not be stated or implied.

This document is in the public domain and may be used and reprinted without permission except
those copyrighted materials that are clearly noted in the document. Further reproduction of those
copyrighted materials is prohibited without the specific permission of copyright holders.

Persons using assistive technology may not be able to fully access information in this report. For
assistance contact EffectiveHealthCare@ahrg.hhs.gov.

None of the investigators have any affiliations or financial involvement that conflicts with the
material presented in this report.

Suggested citation:

Lin SY, Erekosima N, Suarez-Cuervo C, Ramanathan M, Kim JM, Ward D, Chelladurai Y,
Segal JB. Allergen-Specific Immunotherapy for the Treatment of Allergic Rhinoconjunctivitis
and/or Asthma: Comparative Effectiveness Review. Comparative Effectiveness Review No. 111.
(Prepared by the Johns Hopkins University Evidence-based Practice Center under Contract No.
290-2007-10061-1.) AHRQ Publication No. 13-EHCO061-EF. Rockville, MD: Agency for
Healthcare Research and Quality. March 2013. Errata added May and August 2013.
www.effectivehealthcare.ahrg.gov/reports/final.cfm.




Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrg.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrg.hhs.gov.

Carolyn M. Clancy, M.D. Stephanie Chang, M.D., M.P.H.
Director Director, Evidence-based Practice Program
Agency for Healthcare Research and Quality Center for Outcomes and Evidence

Agency for Healthcare Research and Quality
Jean Slutsky, P.A., M.S.P.H.
Director, Center for Outcomes and Evidence Kim Wittenberg, M.A.
Agency for Healthcare Research and Quality Task Order Officer

Center for Outcomes and Evidence

Agency for Healthcare Research and Quality
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Allergen-Specific Immunotherapy for the Treatment
of Allergic Rhinoconjunctivitis and/or Asthma:
Comparative Effectiveness Review

Structured Abstract

Objectives. Allergic rhinitis is highly prevalent in North America, affecting 20 to 40 percent of
the population. Nearly 9 percent of Americans suffer from asthma, with more than half having
evidence of atopy. This comparative effectiveness review describes the effectiveness and safety
of subcutaneous immunotherapy and sublingual immunotherapy (off-label use of subcutaneous-
aqueous allergens for sublingual desensitization) compared with other therapies for treatment of
allergic rhinoconjunctivitis and asthma.

Data sources. We searched the MEDLINE®, Embase, LILACS, and CENTRAL databases from
the beginning of each database through May 21, 2012.

Review methods. Two reviewers independently selected randomized controlled trials according
to established study inclusion criteria. Disagreements were resolved by consensus. Paired
reviewers assessed the risk of bias of each study and extracted details about the population,
intervention(s), and outcomes of interest. The results were summarized by immunotherapy type
(sublingual or subcutaneous), allergen, and outcomes. Studies exclusively enrolling children
were reviewed separately. The strength of the body of evidence was graded and summarized.

Results. We included 74 references that investigated the efficacy and safety of subcutaneous
immunotherapy, 60 studies that investigated the efficacy and safety of sublingual
immunotherapy, and 8 studies that compared the two modes of delivery. All 142 studies were
randomized controlled studies. The majority of studies were at medium risk of bias due to design
choices. The strength of evidence is high that subcutaneous immunotherapy reduces asthma
symptoms, rhinitis symptoms, conjunctivitis symptoms, asthma medication use, asthma plus
rhinoconjunctivitis medication use, and rhinoconjunctivitis-specific quality of life. The strength
of evidence is moderate that subcutaneous immunotherapy reduces rhinoconjunctivitis
medication use, relative to usual care, which includes pharmacotherapy. Likewise, the strength of
evidence is high that sublingual immunotherapy reduces asthma symptoms. The strength of
evidence is moderate that sublingual immunotherapy reduces rhinitis/rhinoconjunctivitis
symptoms, combined symptom scores, conjunctivitis symptoms, and medication useusage
relative to usual care, and improves allergy-specific quality of life. In studies comparing
subcutaneous with sublingual immunotherapy, strength of evidence supporting the superiority of
subcutaneous immunotherapy for reducing allergic rhinitis and conjunctivitis symptoms, and the
superiority of sublingual immunotherapy for reducing medication use, is low. We identified 13
pediatric studies of subcutaneous immunotherapy, 18 pediatric studies of sublingual
immunotherapy, and 3 pediatric studies comparing subcutaneous and sublingual immunotherapy.
The strength of evidence is moderate that subcutaneous immunotherapy reduces asthma
symptoms and rhinitis symptoms in comparison to usual care. The strength of evidence is low
that subcutaneous immunotherapy reduces conjunctivitis symptoms, medication scores,
combined symptom-medication scores, or improves quality of life relative to usual care. The
strength of evidence is high that sublingual immunotherapy reduces asthma symptoms, and
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moderate that it reduces rhinitis/rhinoconjunctivitis symptoms, combined asthma plus
rhinitis/rhinoconjunctivitis symptoms, conjunctivitis symptoms, and decreases medication use.
While local reactions were frequent with both treatment regimens, there were rare reports of
anaphylaxis in the subcutaneous immunotherapy studies, and no anaphylaxis reported in the
sublingual immunotherapy studies.

Conclusions. With some variation across outcomes, the overall body of evidence consistently
provides moderate to high support for the effectiveness and safety of both subcutaneous and
sublingual immunotherapy for the treatment of allergic rhinitis and asthma. The evidence to
support the use of immunotherapy in children is somewhat weaker than the evidence supporting
its use in adults. The superiority of one route of administration over the other is not known.
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Executive Summary

Background

Allergic rhinitis is a widespread clinical problem, estimated to affect 20 to 40 percent of the
population in the United States.’™ Inhalant allergens, such as plant pollens, characteristically
cause seasonal rhinoconjunctivitis and/or asthma; whereas, cat dander, cockroaches, or dust mite
allergens may induce symptoms year-round, and are associated with perennial rhinitis and/or
asthma. The prevalence of asthma in the United States is approximately 9 percent, and
approximately 62 percent of individuals with asthma show evidence of also having atopy (i.e.,
one or more positive-specific IgE levels).>’ The medical management of patients with allergic
rhinitis and asthma includes allergen avoidance, pharmacotherapy, and immunotherapy.**

Allergen-specific immunotherapy (SIT) is typically recommended for patients whose allergic
rhinoconjunctivitis and asthma symptoms cannot be controlled by medication and environmental
controls, for patients who cannot tolerate medications, or for patients who do not comply with
chronic medication regimens.®® Currently, two forms of specific immunotherapy are used
clinically in the United States. The U.S. Food and Drug Administration (FDA) has approved the
use of allergen extracts for subcutaneous administration (subcutaneous immunotherapy) for the
treatment of seasonal and perennial allergic rhinitis and allergic asthma. In the United States, a
patient with allergies receives subcutaneous injections of an allergen-containing extract,
comprised of the relevant allergens to which the patient is sensitive, in increasing doses, in an
attempt to suppress or eliminate allergic symptomatology. Considerable interest has also evolved
in using sublingual immunotherapy as an alternative to subcutaneous injection immunotherapy.
Sublingual immunotherapy involves placement of the allergen under the tongue for local
absorption to desensitize the allergic individual over a period of months to years and diminish
allergic symptoms. In 1996, an Immunotherapy Task Force, assembled by the World Allergy
Organization, cited the emerging clinical data on sublingual immunotherapy, recognized its
potential as a viable alternative to subcutaneous therapy, and encouraged continued clinical
investigation to characterize optimal techniques.'® Over the past two decades, sublingual forms
of immunotherapy have gained favor in Europe; sublingual tablet immunotherapy has been
approved by the European regulatory authorities. In the United States, there are currently no
FDA-approved sublingual forms of immunotherapy. In the absence of FDA-approved sublingual
forms of immunotherapy, some researchers and physicians in the United States are exploring the
off-label use of subcutaneous aqueous allergens for sublingual desensitization. An increasing
number of U.S. physicians are employing this alternate desensitization approach in the treatment
of allergic respiratory conditions based on European and U.S. studies, and on the European
Medicines Agency’s approval of certain oral products; however, due to differing standardization
of potency in Europe and the United States, doses have been hard to translate between countries.

Scope and Key Questions

Objectives

The primary objective of this comparative effectiveness review is to evaluate the efficacy,
effectiveness, and safety of SIT (including both subcutaneous and sublingual immunotherapy)
that are presently available for use by clinicians and patients in the United States. We addressed
the following Key Questions (KQs):
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KQ1. What is the evidence for the efficacy and effectiveness of SIT in the
treatment of allergic rhinoconjunctivitis and/or asthma?

KQ2. What is the evidence for safety of SIT in patients with allergic
rhinoconjunctivitis and/or asthma?

KQ3. Is the safety and effectiveness of SIT different in distinct
subpopulations with allergic rhinoconjunctivitis and/or asthma? Specifically:

Children

Adults

Elderly

Pregnant women

Minorities

Inner-city and rural residents
Monosensitized individuals
Patients with severe asthma

Analytic Framework

Our analytic framework illustrates our approach to this systematic review and displays the
interventions and comparators of interest, as well as the key primary and secondary outcomes
(Figure A).
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Figure A. Analytic framework for allergen-specific immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma
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KQ = Key Question; PFT-FEV = pulmonary function test- forced expiratory volume; SIT = allergen-specific immunotherapy

The analytic framework depicts the impact of treatment of allergic rhinitis and asthma. It
shows the KQs within the context of the inclusion criteria described in the following sections. It
depicts how allergen-specific immunotherapy in this specific population (KQ3) may improve
clinical outcomes (KQ1) and functional tests or chemical biomarkers. The potential harms (KQ2)
of specific immunotherapy are shown in the framework as well.

Methods
Input From Stakeholders

With the input of a key informant panel, and staff at the Agency for Healthcare Research and
Quality (AHRQ) and the Scientific Resources Center, we developed the KQs. The KQs compare
how the two delivery routes of immunotherapy affect intermediate outcomes, long-term clinical
outcomes, and adverse events. For additional input, we recruited a panel of technical experts,
which included experts on the treatment of allergies and asthma in the adult and pediatric
populations and then finalized the protocol.
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Data Sources and Selection

We reviewed titles and then abstracts to identify randomized controlled trials (RCTs) on the
effects of SIT. We included only articles published in English. Abstracts were reviewed
independently by two investigators, and were excluded if both investigators agreed that the
article met one or more of the exclusion criteria; disagreements were resolved by consensus. For
inclusion in this review, we required that the RCTs enrolled patients with allergic
rhinoconjunctivitis and/or allergic asthma due to airborne allergies, and that these diagnoses
were confirmed by objective testing. The trials had to test subcutaneous immunotherapy or
sublingual immunotherapy alone or in combination with usual care, which included
pharmacotherapy and environmental interventions. We included trials if the comparators were
placebo, other SIT regimens, or pharmacotherapy. For inclusion, the trials had to report at least
one of the following: symptoms, medication use, results of provocation tests, quality of life,
harms of treatment, adherence measures, convenience measures, or the long-term effects of
treatment, including prevention of sequelae of allergic disease or the development of new
sensitivities. Studies were excluded if they tested specific sublingual formulations that are not
available in the United States, or if no similar U.S. allergen is available for off-label use. An
example is our exclusion of studies of sublingual tablets. We also excluded articles in which oral
immunotherapy was immediately swallowed without prolonged mucosal contact, as this type of
immunotherapy is not currently in clinical use. We also excluded studies that did not clearly
report the dose of allergen delivered. Differences regarding article inclusion were resolved
through consensus adjudication; a third reviewer audited a random sample to ensure consistency
in the reviewing process.

Data Extraction and Quality Assessment

We created standardized forms for data extraction to maximize consistency in identifying
pertinent data for synthesis. Each article underwent duplicate review by study investigators for
data abstraction, with the second reviewer confirming the accuracy of the first reviewer’s data
abstraction. Reviewer pairs were formed to ensure clinical and methodological expertise.
Reviewers were not masked to the author, institution, or journal. In most instances, data were
abstracted from the published text or tables. If possible, relevant data were also abstracted from
figures. Differences in opinion were resolved through consensus adjudication and by discussion
during team meetings.

Reviewers extracted detailed information on study characteristics, study participants,
interventions, primary and secondary outcome measures and their methods of ascertainment, and
safety outcomes. For studies that recorded outcomes at multiple time points, we used the
outcome data from the final time point reported. For studies which treated and assessed subjects
during a single season, we extracted the outcomes at peak pollen seasons when available. All
information from the article review process was entered into the DistillerSR database by the
individual completing the review.

Two reviewers independently assessed the risk of bias in each article and came to consensus
about the overall rating. We used a modification of the Cochrane Collaboration tool for assessing
risk of bias from the “Cochrane Handbook for Systematic Reviews of Interventions.”** We
assessed six categories of potential bias: (1) lack of randomization, (2) lack of allocation
concealment, (3) inadequate blinding, (4) incomplete data reporting, (5) selective reporting, and
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(6) other sources of bias including the funding source. Studies were categorized as having a low,
moderate, or high risk of bias depending on their adequacy across the six categories.

Data Synthesis and Analysis

We distributed the studies by intervention, disease, and allergen, and addressed the KQs
within each intervention and disease strata (Figure B).

Figure B. Algorithm for the approach and classification of the studies
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SCIT = subcutaneous immunotherapy; SIT = allergen specific immunotherapy; SLIT = sublingual immunotherapy

We created a set of detailed evidence tables containing information about each primary and
secondary outcome that was extracted from eligible studies, and stratified the tables according to
KQ. Given the substantial heterogeneity between studies and the lack of reporting of measures of
variability, we did not quantitatively pool the data on efficacy. We summarized the safety of
specific immunotherapy in the treatment of allergic rhinoconjunctivitis and/or asthma by
extracting data on the harms or adverse events reported in the included studies. The safety data
reported in this systematic review include only information from the RCTs that met the criteria
for inclusion in the review. The adverse events of specific immunotherapy were divided into two
categories: local reactions (reactions that occur at the site of introduction of allergen) and
systemic reactions (reactions that occur distant to the site of introduction of the allergen). These
data could not be pooled quantitatively, either, due to heterogeneity.

At the completion of our review, we graded the quantity, quality, and consistency of the best
available evidence addressing KQs 1, 2, and 3 by adapting an evidence grading scheme
recommended by the AHRQ “Methods Guide for Effectiveness and Comparative Effectiveness
Reviews.”'?*3 We graded the evidence for each comparison for each outcome. Our grading
incorporated the risk of biases in the trials, the consistency of the direction of the effect across
studies for a given comparison and outcome, the relevance of the collection of trials to the
question of interest (directness), and the magnitude of the effects reported in the trials. We could
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not comment on the precision of the effect sizes as there were seldom measures of variability
within the individual studies. The magnitude of effect in a trial was considered “weak” if there
was less than a 15 percent difference in post-to-pre change comparing the SIT group and the
comparator group, a 15 to 40 percent difference was considered “moderate,” and a greater than
40 percent difference was considered “strong.”

We assigned evidence grades for each outcome as follows: (1) high grade (indicating high
confidence that the evidence reflects the true effect, and further research is very unlikely to
change our confidence in the estimate of the effect); (2) moderate grade (indicating moderate
confidence that the evidence reflects the true effect, although future research may change our
confidence in the estimate of the effect and may change the estimate); (3) low grade (indicating
low confidence that the evidence reflects the true effect, and further research is likely to change
our confidence in the estimate of the effect and is likely to change the estimate); and (4)
insufficient (evidence is unavailable). The investigator responsible for each section assigned the
evidence grades, and the team reviewed the grades and came to consensus. We did not assign
evidence grades for indirect outcome measures, such as pulmonary function test results and
provocation tests (including nasal, conjunctival, and bronchial provocation tests).

Results

Our search identified 7,746 citations. After the necessary exclusions, 142 articles were
included in the review. All of the included studies were RCTs. We included 74 references that
investigated the efficacy and safety of subcutaneous immunotherapy, 60 studies that investigated
the efficacy and safety of sublingual immunotherapy, and 8 studies that compared subcutaneous
immunotherapy and sublingual immunotherapy. Figure C shows the results of our literature
search.
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Figure C. Literature search

Search Results from
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] * No original data: 228
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142 7| « Nodose specified: 7
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« SCIT: 74 + Not RCT: 6
* SLIT vs. SCIT: 8 + Not available in the US: |
*+ Data not abstractable: 7

RCT = randomized controlled trial; SCIT = subcutaneous immunotherapy; SIT = specific immunotherapy; SLIT = sublingual
immunotherapy

* Total may exceed number in corresponding box, as articles were excluded by two reviewers at this level.

** Other reasons: Control group is healthy population, routes of administration not included, abandoned interventions, outcomes
not reported, no comparator group, continued medical education reports, editorials or reviews, studies about mechanism or
action, other allergies (food, aspirin).
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Study Characteristics

The primary diagnoses of the subjects in the included articles were allergic
rhinoconjunctivitis and/or asthma. The majority of studies included adults only (52%), followed
by studies enrolling only children (24%); studies of mixed adult and pediatric participants were
least frequent. Study sizes ranged from 15 to 511 patients. Twenty-three studies (20%) had fewer
than 30 patients and twenty-six studies (18%) had more than 100 patients. The majority of the
subcutaneous immunotherapy studies (51 studies or 69%) had 50 subjects or fewer, whereas 60
percent of sublingual immunotherapy studies (36 studies) enrolled at least 50 subjects. The
majority of studies evaluated seasonal allergens (subcutaneous immunotherapy: 59%, sublingual
immunotherapy: 67%), followed by perennial allergens (subcutaneous immunotherapy: 41%,
sublingual immunotherapy: 30%), while least common were mixed seasonal and perennial
allergens (subcutaneous immunotherapy: 2%, sublingual immunotherapy: 3%). Nearly all studies
had at least a medium risk of bias (subcutaneous immunotherapy: 80%, sublingual
immunotherapy: 85%). Forty-eight percent of subcutaneous studies and 61 percent of sublingual
studies had industry support in the form of either funding and/or supplies.

Population Characteristics

The age range at the time of randomization was 3 to 72 years in the subcutaneous
immunotherapy studies and 4 to 74 years in the sublingual immunotherapy studies. Only one
study reported race. The duration of allergic rhinoconjunctivitis and/or asthma prior to
enrollment was reported in 48 percent of the studies. Twenty-two percent of the studies reported
that patients had been affected for more than 5 years. In 22 percent of the studies, patients had
been affected for 1 to 5 years.

Intervention Characteristics

The duration of treatment ranged from one season to 5 years; the majority of studies treated
the participants for less than 3 years. Thirty-five percent of studies treated participants for less
than 1 year. There was substantial heterogeneity in the doses of immunotherapy administered to
participants, and the studies used a variety of units to report dosing.

Subcutaneous Immunotherapy

Key Question 1. What is the evidence for the efficacy and effectiveness of
subcutaneous immunotherapy in the treatment of allergic rhinoconjunctivitis
and/or asthma?

The majority of the subcutaneous immunotherapy trials used a single allergen for treatment.
In the trials testing subcutaneous immunotherapy against placebo injections or usual
pharmacological measures for patients with asthma, the strength of evidence is high that
subcutaneous immunotherapy reduces asthma symptoms, medication use, and combined asthma
plus rhinoconjunctivitis medication use. The strength of evidence is moderate that subcutaneous
immunotherapy reduces asthma plus rhinitis/rhinoconjunctivitis symptoms. The strength of
evidence is low that subcutaneous immunotherapy reduces asthma (with or without rhinitis)
combined symptom-medication scores. Although we did not grade the evidence for indirect
outcomes, we observed that subcutaneous immunotherapy consistently decreased specific
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bronchial reactivity to allergen challenges. No consistent benefit was observed for pulmonary-
function test results and nonspecific bronchial reactivity.

Regarding the use of subcutaneous immunotherapy for control of allergic rhinoconjunctivitis,
we found that the strength of evidence is high that subcutaneous immunotherapy reduces
rhinitis/rhinoconjunctivitis symptoms; conjunctivitis symptoms; combined nasal, ocular, and
bronchial symptoms; combined rhinoconjunctivitis plus asthma medication use; and improves
disease-specific quality of life. The strength of evidence is moderate that subcutaneous
immunotherapy reduces rhinitis/rhinoconjunctivitis medication use. The strength of evidence is
low that subcutaneous immunotherapy reduces combined symptom-medication scores (Table A).

Key Question 2. What is the evidence for safety of subcutaneous
iImmunotherapy in patients with allergic rhinoconjunctivitis and/or asthma?

Not all of the studies reported safety data and the lack of a consistent reporting system and
grading system for the adverse outcomes made it impossible to pool safety data across studies.
Forty-five studies of subcutaneous immunotherapy reported safety data. Local reactions, reported
in 5 percent to 58 percent of patients and 0.6 percent to 54 percent of injections, were more
common than systemic reactions. Most local reactions were mild. The most common systemic
reactions were respiratory reactions, occurring in up to 46 percent of patients and following 15
percent of injections. General symptoms (such as headache, fatigue, arthritis) also occurred
frequently and affected up to 44 percent of patients. The majority of the systemic reactions were
either mild or unspecified. Gastrointestinal reactions, reported in only one study, were the least
frequent reactions. Thirteen anaphylactic reactions were reported in four trials. No deaths were
reported (Table B).

Key Question 3. Is the safety and effectiveness of subcutaneous
iImmunotherapy different in distinct subpopulations with allergic
rhinoconjunctivitis and/or asthma?

Insufficient data exist to describe the strength of evidence regarding efficacy or safety of
subcutaneous immunotherapy in the following subpopulations: the elderly, pregnant women,
racial and ethnic minorities, inner-city residents, rural residents, and individuals with severe
asthma. However, the evidence from a few studies suggests that subcutaneous immunotherapy
may be more beneficial in patients with mild asthma than in those with severe asthma. There
were no consistent differences in efficacy when considering only the trials enrolling mono-
sensitized individuals and the trials enrolling poly-sensitized participants. The data were
sufficient to comment on the pediatric subpopulation.

Efficacy of Subcutaneous Immunotherapy in the Pediatric Subpopulation

We included 13 RCTs, enrolling 920 children and comparing subcutaneous immunotherapy
with placebo injections or usual pharmacological measures. As observed in the general
population, the majority of studies used a single allergen for subcutaneous immunotherapy. The
strength of evidence was moderate that subcutaneous immunotherapy reduces asthma symptoms.
The strength of evidence was low that subcutaneous immunotherapy reduces asthma medication
use, combined asthma plus rhinitis/rhinoconjunctivitis medication use, and
asthma/rhinitis/rhinoconjunctivitis symptom-medication scores. We found a moderate strength of
evidence to support the use of subcutaneous immunotherapy for reducing
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rhinitis/rhinoconjunctivitis symptoms in children. The strength of evidence was low that
subcutaneous immunotherapy reduces conjunctivitis symptoms and improves quality of life in
children with rhinitis/rhinoconjunctivitis (Table C).

Safety of Subcutaneous Immunotherapy in the Pediatric Population

Inconsistent reporting of adverse events in the pediatric subcutaneous immunotherapy
articles made it impossible to pool safety data across studies. However, local reactions were the
most common adverse reactions in children receiving subcutaneous immunotherapy. There were
no reports of anaphylaxis or death.

Sublingual Immunotherapy

Key Question 1. What is the evidence for the efficacy and effectiveness of
sublingual immunotherapy in the treatment of allergic rhinoconjunctivitis
and/or asthma?

In the trials testing sublingual immunotherapy against placebo drops or usual
pharmacological measures, the overall strength of evidence is moderate that sublingual
immunotherapy improves allergic rhinitis and asthma outcomes. The strength of evidence is high
that sublingual immunotherapy reduces asthma symptoms. The strength of evidence is moderate
that sublingual immunotherapy reduces the following clinical outcomes:
rhinitis/rhinoconjunctivitis symptoms, combined asthma plus rhinitis/rhinoconjunctivitis
symptoms, combination medication plus symptom scores, conjunctivitis symptoms, and
medication use, and improves quality of life. We observed that sublingual immunotherapy
consistently improved measures of pulmonary function in the allergic asthmatic population
(Table D).

Key Question 2. What is the evidence for safety of sublingual
iImmunotherapy in patients with allergic rhinoconjunctivitis and/or asthma?

Forty-three studies of sublingual immunotherapy provided safety data. Local reactions were
commonly reported and were described as mild. Systemic reactions were described infrequently;
no life-threatening reactions, anaphylaxis, or deaths were reported in these trials. The strength of
evidence is insufficient for definitive statements about the safety of sublingual immunotherapy
although few serious events were reported (Table E).

Key Question 3. Is the safety and effectiveness of sublingual
immunotherapy different in distinct subpopulations with allergic
rhinoconjunctivitis and/or asthma?

Insufficient data exist to describe the strength of evidence regarding efficacy or safety of
sublingual immunotherapy in the following subpopulations: the elderly, pregnant women, racial
and ethnic minorities, inner-city residents, rural residents, and individuals with severe asthma.
The data were sufficient to comment on the pediatric subpopulation.
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Efficacy of Sublingual Immunotherapy in the Pediatric Subpopulation

We included 18 RCTs, enrolling 1,579 children, comparing sublingual immunotherapy with
placebo drops or usual pharmacological measures. The strength of evidence is high that
sublingual immunotherapy reduces asthma symptoms. The strength of evidence is moderate that
sublingual immunotherapy reduces rhinitis/rhinoconjunctivitis symptoms, combined asthma plus
rhinitis/rhinoconjunctivitis symptoms, conjunctivitis symptoms, and reduces medication use. The
strength of evidence is low that sublingual immunotherapy reduces combined medication plus
symptoms scores. There is insufficient evidence to determine the impact of sublingual
immunotherapy on disease-specific quality of life. The overall strength of evidence is moderate,
that sublingual immunotherapy in children and adolescents improves symptom control, when
considering all domains with pertinent clinical outcomes (Table F).

Safety of Sublingual Immunotherapy in the Pediatric Population

The inconsistent reporting of adverse events in the pediatric sublingual immunotherapy
studies made it impossible to pool safety data across studies. Local reactions were common, but
mild. No life-threatening reactions, anaphylaxis, or deaths were reported in these trials. The
strength of evidence is insufficient for definitive statements about the safety of subcutaneous
immunotherapy or sublingual immunotherapy in children, although few serious events were
reported.

Subcutaneous Versus Sublingual Immunotherapy

Key Question 1. What is the evidence for the efficacy and effectiveness of
subcutaneous versus sublingual immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma?

Eight RCTs, published between 1989 and 2010, reported on the efficacy and safety of
sublingual immunotherapy and subcutaneous immunotherapy when compared directly. Only
three of the eight studies reported head-to-head statistical comparisons of the clinical outcomes
of interest. The strength of evidence is moderate that subcutaneous immunotherapy is superior to
sublingual immunotherapy for control of allergic rhinitis and conjunctivitis symptoms. The
strength of evidence is low that sublingual immunotherapy is superior to subcutaneous
immunotherapy for reducing medication use. There is insufficient evidence to favor either route
of delivery for reducing asthma symptoms and asthma medicine use.

Key Question 2. What is the evidence for safety of subcutaneous versus
sublingual immunotherapy in patients with allergic rhinoconjunctivitis and/or
asthma?

The safety of sublingual immunotherapy and subcutaneous immunotherapy was assessed in
all eight of the included articles. The recording and reporting of the adverse events was neither
uniform nor comparable across studies. Local reactions were common and were all of mild or
moderate severity. There was one report of anaphylaxis with subcutaneous immunotherapy.
There were no reported deaths.
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Key Question 3. Is the safety and effectiveness of subcutaneous versus
sublingual immunotherapy different in distinct subpopulations with allergic
rhinoconjunctivitis and/or asthma?

Insufficient data exist to describe the strength of evidence regarding efficacy or safety of
sublingual versus subcutaneous immunotherapy in these subpopulations: the elderly, pregnant
women, racial and ethnic minorities, inner-city residents, rural residents, and individuals with
severe asthma.

Three RCTS, enrolling 135 children and adolescents, reported on the efficacy and safety of
sublingual immunotherapy and subcutaneous immunotherapy when compared directly. The
strength of evidence is low to support subcutaneous over sublingual immunotherapy in children
and adolescents for reducing asthma symptoms, allergic rhinitis/rhinoconjunctivitis symptoms,
or decreasing medication use. Local reactions were reported in both groups. No systemic
reactions were reported in patients receiving sublingual immunotherapy. Among children
receiving subcutaneous immunotherapy, one anaphylaxis event and three respiratory systemic
reactions were reported.

Discussion

For this review of the effectiveness, efficacy, and safety of specific immunotherapy, we
summarized data from 142 randomized controlled trials: 74 of subcutaneous immunotherapy, 60
of sublingual immunotherapy, and 8 comparing subcutaneous to sublingual therapy. The studies
had considerable heterogeneity in the outcomes reported, scoring of outcomes, and safety data
reported, which precluded quantitative pooling of the data. The majority of studies had a
moderate risk of bias due to the design choices that were made.

Summary of Results

In our analysis of subcutaneous immunotherapy, key evidence was examined to determine
the efficacy and effectiveness of subcutaneous immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma. We reviewed pertinent direct clinical outcomes, such as
symptoms, medication use, and quality of life. There is sufficient evidence to support the overall
effectiveness and safety of both subcutaneous and sublingual immunotherapy for the treatment of
allergic rhinitis and asthma.

Regarding asthma outcomes, this review provides supportive evidence subcutaneous
immunotherapy improves several asthma and rhinitis/rhinoconjunctivitis outcomes. There is
high-grade evidence that subcutaneous immunotherapy reduces asthma symptoms and asthma
medication use. Regarding allergic rhinoconjunctivitis outcomes, we found high grade evidence
that subcutaneous immunotherapy reduces rhinitis/rhinoconjunctivitis symptoms; conjunctivitis
symptoms; combined nasal, ocular, and bronchial symptoms; combined asthma plus
rhinitis/rhinoconjunctivitis medication use; and improves disease-specific quality of life. Overall,
our findings are consistent with findings from previous systematic reviews.**® The majority of
the studies included in this review used a single allergen for immunotherapy. In the United
States, it is common practice to include multiple allergens in subcutaneous immunotherapy
extracts. However, only a few trials have investigated the use of multiple allergen regimens for
immunotherapy.

We note that few systematic reviews of subcutaneous immunotherapy have focused on
studies in children. A systematic review by Roder et al. reviewed immunotherapy for allergic
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rhinoconjunctivitis in children and adolescents and identified six studies of subcutaneous
immunotherapy that showed conflicting results for clinical efficacy.!” For this review, we
reviewed studies in pediatric subpopulations separately. Although the evidence supports the use
of subcutaneous immunotherapy to improve asthma and allergic rhinitis outcomes in children,
we found fewer pediatric studies, and the strength of evidence was lower in the pediatric
subpopulation than in the mixed adult and pediatric population. As observed in the mixed
population, the majority of the pediatric subcutaneous immunotherapy studies used a single
allergen.

Similarly, the overall strength of evidence is moderate that sublingual immunotherapy
improves allergic rhinitis and asthma outcomes. There is high-grade evidence that sublingual
immunotherapy reduces asthma symptoms. There is moderate-grade evidence that sublingual
immunotherapy reduces combined rhinitis/rhinoconjunctivitis symptoms, asthma plus
rhinitis/rhinoconjunctivitis symptoms, combination medication plus symptom scores,
conjunctivitis symptoms, medication use, and improves quality of life.

In the pediatric studies, the overall strength of evidence is moderate that sublingual
immunotherapy improves allergic rhinitis and asthma outcomes. There is moderate-grade
evidence to support that sublingual immunotherapy reduces rhinitis/rhinoconjunctivitis
symptoms, combined asthma plus rhinitis/rhinoconjunctivitis symptoms, conjunctivitis
symptoms, and decreases medication use. The strength of evidence is low that sublingual
immunotherapy reduces combination medication use plus symptoms. The strength of evidence is
insufficient to support sublingual immunotherapy use for improving disease-specific quality of
life.

In studies comparing subcutaneous to sublingual immunotherapy, the evidence is insufficient
to draw a conclusion about the superiority of one mode of delivery over the other.

The available safety data supports the safety of specific immunotherapy, although local
reactions were commonly reported for subcutaneous and sublingual immunotherapy. Serious,
life-threatening reactions were rare, and no deaths were reported. The pediatric safety data are
consistent with the overall safety results reported for subcutaneous and sublingual
immunotherapy. While local reactions were common, only one anaphylaxis event was reported
in a child receiving subcutaneous immunotherapy in a study comparing subcutaneous and
sublingual immunotherapy.

There is consistency in the observed benefits across outcomes for both sublingual and
subcutaneous immunotherapy, and in the mixed and pediatric-only populations. The direction of
effect largely favors immunotherapy across all outcomes.

Applicability

The results of this systematic review are applicable to patients with allergic
rhinoconjunctivitis and/or asthma. We included only studies that confirmed the diagnosis of
allergy, either by skin or in vitro testing. Furthermore, asthma studies were included only if the
studies used objective measures to confirm asthma diagnosis. We included only studies in which
the specific immunotherapy formulations used (or close substitutes) are available to clinicians in
the United States, so these results should be applicable to practitioners in the United States.

The reviewed outcomes reflect important clinical outcomes for patients with environmental
allergies. The majority of outcomes were direct measures of disease symptomatology, which
should make the findings of our review meaningful to clinicians and to patients. Some surrogate
measures, such as pulmonary function testing, were also included. While pulmonary function
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testing is an indirect measure of asthma outcomes, it is used frequently by clinicians in the
United States.

However, the following should be considered regarding the applicability of the evidence
described in this report. The majority of the included trials used a single allergen for
immunotherapy; hence, it is difficult to determine the extent to which this evidence applies to
U.S. practitioners using multiple allergen regimens. Based on the findings from a few studies
that found subcutaneous immunotherapy to be more beneficial in patients with mild asthma than
with severe asthma, the use of subcutaneous immunotherapy to treat asthma is probably most
applicable to mild asthmatics. The majority of sublingual immunotherapy studies in this review
included subjects with allergic rhinitis/rhinoconjunctivitis and/or mild asthma. Hence, although it
may appear from this review that sublingual immunotherapy may be safer than subcutaneous
immunotherapy, the safety data from these subgroups of patients must not be extrapolated to the
more severely affected patients. There is little evidence supporting the use of immunotherapy in
patients with severe asthma.

While a separate sub-analysis of pediatric studies was performed for this review, several
studies reported outcomes on a mixed population of adults and children without stratifying the
outcomes by age group, so we could not say definitively to which population the results apply.
Furthermore, the dosing regimens and durations of treatment reported in these studies varied
widely. Therefore, this body of evidence is insufficient for us to comment specifically on target
maintenance dose or on duration of sublingual therapy. This may, however, be interpreted as
supporting the effectiveness of immunotherapy across a broad range of doses.

There is no clear consensus on what is considered a clinically relevant improvement in
symptoms. While some clinicians may suggest that a 15 percent change could reflect real and
significant improvement in symptoms in some patients, Canonica et al reported that “the minimal
clinically relevant efficacy should be at least 20 percent higher than placebo.”*® We would
expect less difference in symptom improvement when comparing immunotherapy to
medications. Our systematic review included both studies using placebo and other comparators,
such as medications. We chose to consider a less than 15 percent difference as a weak magnitude
of effect, a 15 percent to 40 percent difference as a moderate magnitude of effect, and a greater
than 40 percent difference as a strong magnitude of effect. We applied this scheme to all graded
outcomes in this review.

Our analysis adds to the available information about the strength of evidence for the efficacy
and safety of allergen immunotherapy for the treatment of asthma and allergic
rhinoconjunctivitis. These findings are relevant to clinicians who provide care for patients
affected by these medical conditions. The findings are also relevant to patients making decisions
regarding therapy, as they findings can help inform patients on the efficacy and safety of allergen
immunotherapy. Guideline developers may also find our review useful for making
recommendations about the use of allergen immunotherapy in adults and children.

Limitations

We encountered several challenges during our review process. We included only RCTs in
this review; however, the studies varied substantially in their risk of bias. While all studies used
randomization, several studies did not specify whether allocations schemes were concealed, or if
the type of intervention was concealed from participants and outcome assessors. The majority of
subcutaneous and sublingual immunotherapy studies received industry support financially or in
the form of supplies. The study authors rarely reported the clear role or extent of involvement of
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the sponsors. For these reasons, several studies were considered to have a moderate or high risk
of bias. The potential risk of bias played an important role in determining the strength of the
evidence for each direct outcome.

The body of literature reviewed has much heterogeneity. The clinical outcomes reported
varied from study to study, and there were no consistent scoring or grading systems for reporting
pertinent primary outcomes, such as symptoms or medication use. The study authors used
varying criteria for diagnosing asthma and assessing asthma severity and control. Some of the
asthma criteria may overestimate, while other criteria may underestimate, the degree of asthma
control. Some studies that reported combined asthma and rhinoconjunctivitis scores
demonstrated significant improvement. It is possible that a preferential effect of immunotherapy
on one of these disease processes may have highly influenced the combined scores. Studies with
multiple allergens presented a similar dilemma; response to one allergen may have determined
the overall clinical score; therefore, the true effect of desensitization with each allergen remains
unclear. The heterogeneity of the data on symptoms and medication use precluded pooling the
data for further analysis.

The same issues of heterogeneity existed with the safety data reported in the studies; the
adverse events were reported with different denominators from study to study. The lack of a
consistent reporting and grading system made it impossible to pool data. In further regards to the
safety data, although it may appear from this review that sublingual immunotherapy may be safer
than subcutaneous immunotherapy, it should be noted that there are few studies of sublingual
immunotherapy for treating patients with moderate or severe asthma, which may affect the
incidence of more severe reactions. Furthermore, our study reports only the safety data from
RCTs, and, therefore, is not a comprehensive review of the incidence of adverse events. A
comprehensive review would require the review of observational studies and case reports.

There were also deficiencies in the statistical reporting in the included studies. Most of the
studies had small sample sizes; so, relevant statistical information on continuous outcomes, such
as scores, were frequently unavailable (i.e., standard deviation, standard error, or confidence
intervals). Therefore, precision of the point estimates could not be assessed. As a result, we used
the magnitude of effect in place of precision when grading the strength of evidence for each
outcome. In the six studies that compared subcutaneous and sublingual immunotherapy head-to-
head, only three reported direct statistical comparisons between the groups for the clinical
outcomes of interest.

There are concerns that there may be publication bias in the specific immunotherapy
literature, as positive outcomes are more likely to be published than negative outcomes. While
our study did not formally assess this, publication bias is a concern in this body of literature. In
an attempt to identify unpublished studies, we requested information from the relevant
pharmaceutical companies, but we did not receive any requested information packets. Therefore,
we did not report on any unpublished studies.

Future Research

Additional RCTs are needed to examine the efficacy, effectiveness, and safety of SIT. The
RCTs should be conducted with attention to the design elements that reduce bias, such as clear
concealment of allocation and masking of the intervention throughout the study, to allow for
more definitive conclusions. Future studies will benefit from standardized methods to report
symptoms and symptom scoring, adverse events, and dosing quantity, frequency, and
formulation. Published guidelines for allergen immunotherapy clinical trials recommend that the
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combined symptom-medication score be used as the primary outcome measure;*® future studies
should be encouraged to comply with these guidelines.**

There is a specific need for studies investigating the efficacy and safety of multiple allergen
regimens, as multiple regimens are commonly used in the United States. There is increasing
discussion in the scientific community about the clinical use and efficacy of single-allergen
versus multiple-allergen therapy, and there are insufficient numbers of studies which compare
these head-to-head. Future studies are needed to directly compare the effectiveness of single-
allergen versus multiple-allergen regimens for desensitization. On the other hand, studies
restricting immunotherapy to a single allergen will allow for a greater understanding of dose
effect, dosing strategy effect, and effect of treatment duration on relevant clinical outcomes.

Studies including patients with asthma should clearly describe how patients are diagnosed
with asthma. Restricting asthma severity in studies to mild, moderate, or severe would be helpful
in assessing whether there is a subgroup of patients with asthma that may benefit from
immunotherapy. Adequately powered trials with appropriate subgroups of patients and utilizing
correct methodology are needed to address the efficacy and safety of allergen immunotherapy in
specific subpopulations (e.g., pregnant women, monosensitized versus polysensitized patients,
patients with severe asthma, urban vs. rural patients).

There is a need to document with future research whether immunotherapy has a disease-
modifying activity. Especially in the pediatric population, there is a need to determine if
immunotherapy can prevent or modify the atopic march in children at high risk for allergic
rhinitis and asthma. Additional considerations for pediatric studies include identifying the
optimal age for initiation of immunotherapy and evaluating the differential effects of
immunotherapy based on the developmental stage of children and adolescents.

Although our review and others have found sublingual immunotherapy effective for
improving symptoms of allergic rhinoconjunctivitis and asthma, there are several unanswered
questions. The target maintenance dose, dosing strategies, and the necessary duration of
treatment for sublingual immunotherapy with various allergens have not yet been fully
determined.

Finally, there is a need for studies that directly compare sublingual to subcutaneous
immunotherapy to strengthen the evidence base in children and adults. Future studies comparing
subcutaneous to sublingual immunotherapy should use doses previously shown to be effective in
earlier, high-quality studies, and direct statistical comparisons between the outcomes of the two
groups would be useful for ensuring a fair comparison of the two therapies.

Conclusions

In summary, we found sufficient evidence to support the effectiveness and safety of
subcutaneous and sublingual immunotherapy for the treatment of allergic rhinitis and asthma,
particularly using single-allergen immunotherapy regimens in adults and children. Strengthening
the evidence for the effectiveness and safety of multiple allergen regimens should be high
priority for future studies. There are far fewer pediatric studies than adult studies; hence, the
evidence is less strong for the pediatric population. Additional pediatric studies may strengthen
the evidence for the effectiveness and safety of allergen immunotherapy in the pediatric
population. When comparing subcutaneous with sublingual immunotherapy, the existing
evidence is insufficient and inconclusive. Additional trials are needed to establish the efficacy
and safety of the interventions when directly compared in the usual care settings, given the
expectation of differences in adherence.
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Table A. Subcutaneous immunotherapy: Summary of allergens, comparators, and main results per outcome

Allergen

Outcome Number of Number of (Number of Comparator Findinas* Strength of
Studies Participants . (Number of Studies) 9 Evidence
Studies)
Asthma Studies
Dust mite (7) SCIT
Cladosporium (2) vs. Placebo (12)
Alternaria (1) vs. Pharmacotherapy (3) High that SCIT
Asthma 16 1178 Timothy (1) vs.No SCIT (1) Tpeeatsecr::;g:g\ljgnigr?tvﬁgn the | improves asthma
symptoms : Ragweed (1) vs. SCIT continuation (1) gom aratoes i all studies symptoms more than
Rye (1) P ' comparators
Cat (1) SCIT cluster vs.
Multiple (2) conventional (1)
Asthma plus Parietaria (1 Moderate that SCIT
rhinitis/ Aieme aria (1) The SCIT groups consistently | +-occ ate &
hinocon- ternaria (1) SCIT - improves
r 5 175 Bi showed greater improvement : : .
iunctivitis irch (1) vs. Placebo (4) . rhinoconjunctivitis
junc . than the comparators in all
toms Timothy (1) vs. Pharmacotherapy (1) . symptoms more than
symp studies.
Cat (1) comparators
9 studies showed greater
reduction in medication use in
the SCIT group; 5 were
statistically significant (3 when
Ragueed (1) sen When compared with | High that SCIT
Asthma R 3(1) vs. Placebo (8) harmacotFr)lera ) improves asthma
medication 12 1,062 y . vs. Pharmacotherapy (3) pharm PY). medication
Cladosporium (1) No SIT (1 5 studies showed no
scores : vs. No SIT (1) > . scores more than
Birch (1) significant difference between
. comparators
Multiple (2) groups.
1 study did not report statistics.
4 studies did not report results
from direct comparison
between groups.**
. High that SCIT
As.th’.“a plus Parietaria (1) A." S.tl.Jd'es showgd a improves asthma plus
rhinitis/ . significant reduction in asthma A
. Birch (1) SCIT : X - rhinitis/
rhinocon- . and rhinoconjunctivitis . . .
. L 5 203 Timothy (1) vs. Placebo (4) L o rhinoconjunctivitis
junctivitis - medication consumption in the e
o Cladosporium (1) vs. Pharmacotherapy (1) medication
medication . SCIT group when compared
Alternaria (1) . scores more than
scores with controls.
comparators
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Table A. Subcutaneous immunotherapy: Summary of allergens, comparators, and main results per outcome (continued

Allergen

Outcome Number of Number of (Number of Comparator Findinas* Strength of
Studies Participants - (Number of Studies) 9 Evidence
Studies)
Asthma Studies (continued)
Combined . SCIT All placebo controlled studies .LOW that SCIT .
Dust mite (2) I improves combined
asthma - vs. Placebo (5) demonstrated significant
Alternaria (2) . - asthma symptom and
symptom- 6 196 vs. Pharmacotherapy (1) improvement in the SCIT oo
S Cat (1) medication
medication . vs. SCIT (1)—placebo group. The other study showed
Cladosporium (1) S ; scores more than
scores controlled no significant difference.
comparators
Rhinitis/Rhinoconjuctivitis Studies
Dust mite (4) 23 studies showed greater
Timothy (4) improvement in symptoms
Ragweed (3) favoring the SCIT group; 19 .
Rhinitis/ Parietaria (2) SCIT were statistically significant (18 :-rlr']g ?Otgast riﬁwﬁs /
rhinocon- Grass mix (2) vs. Placebo (23) when compared with placebo, P : I
. g 26 1,764 . - rhinoconjunctivitis
junctivitis Alternaria (2) vs. Pharmacotherapy (2) and 1 when compared with
symptoms more than
symptoms Tree (2) vs. SCIT (4) pharmacotherapy). comparators
Cladosporium (1) 7 studies showed no p
Cat (1) statistically significant
Multiple (5) difference.
Timothy (4) 13 studies showed greater
Grass mix (2) SCIT improvement in symptoms High that SCIT
Coniunctivitis Parietaria (1) vs. Placebo (11) favoring the SCIT group; 6 improves
S m] toms 14 1,104 Cladosporium (1) vs. SCIT (2)-both placebo were statistically significant. conjunctivitis
ymp Alternaria (2) controlled 8 studies showed no symptoms more than
Cat (1) vs. Pharmacotherapy (1) statistically significant comparators
Multiple (3) difference.
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Table A. Subcutaneous immunotherapy: Summary of allergens, comparators, and main results per outcome (continued

Allergen
Outcome Numbgr of Numper of (Number of Comparator. Findings* Strgngth of
Studies Participants Studies) (Number of Studies) Evidence
Rhinitis/Rhinoconjuctivitis Studies (continued)
5 studies showed greater
Combined . improvement in symptoms in .
symptom score ,(ilrtifr?a?g( ((12)) SCIT the SCIT group than in the itlwlwg ?ot/r:;t csocr:wlw-ll;ine q
(bronchial, 6 591 Timothy (1) vs. Placebo (6) comparator group. S 21 fom SCOres
nasal, ocular; Mounta)?n cedar (1) vs. SIT (1) 1 study showed improvement rr?org than
rhinitis studies Dust mite (1) in the SCIT arm only when comparators
only) comparing pretreatment with P
post-treatment scores.**

Dust mite (2) All studies showed greater

Timothy (2) SCIT reduction in medication Moderate that SCIT
Rhinitis/rhino- R yd 1 vs. Placebo (8) consumption in the SCIT arm; | improves rhinitis/
conjunctivitis 10 564 Pgﬁévt(;(:ia ((l)) vs. SCIT (3)-all were 7 of the studies were rhinoconjunctivitis
medication Grass mix (2) placebo controlled statistically significant (6 when | medication
scores Tree (1) vs. pharmacotherapy (1) compared with placebo, and 1 | scores more than

Multiple (1) when compared with comparators

P pharmacotherapy).
Rhinitis/rhinocon- Parietaria (3) di h d sianifi High that SCIT
junctivitis plus Timothy (2) SCIT 9 studies showed significant improves rhinitis/
Jasthma Grass mix (2) vs. Placebo (11) reduction in asthma and rhinoconjunctivitis
medication 11 768 Ragweed (1) vs. SCIT (1)-placebo rhinoconjunciivitis medication plus asthlma
scores Alternaria (1) controlled consumption in the SCIT medication
(rhinitis studies Dust mite (1) group. 2 studies showed no scores more than
: difference.
only) Multiple (1) comparators
inis Regweed (i) | SO 4 studies demonstated | IS ST
symptom- 6 400 Altgrnaria 2) vs. Placebo (5) significant improvement in the rhiFr)litis medication
rr?edri)cation Date tree (1) vs. SCIT (2), (1 SCIT group. 2 studies showed scores more than
conventional, 1 crude) no difference.

score Grass (1) comparators
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Table A. Subcutaneous immunotherapy: Summary of allergens, comparators, and main results per outcome (continued

Outcome Numbgr of Numper of (l\ﬁjllnﬂ)geernof Comparator. Findings* Strgngth of
Studies Participants Studi (Number of Studies) Evidence
udies)
Rhinitis/Rhinoconjuctivitis Studies (continued)
All studies showed greater
Alternaria (2) SCIT imprqvement in quality of life _
Parietaria (1) vs. Placebo (4) favorlng the SCIT group. 4 ngh that SCIT
Disease-specifc | ¢ 859 Timothy (L) ve. Phamacotherapy (1) | S0 TR ementn” | speifc aualty of ffe
quality of life Grass mix (1) vs. SCIT (1)-placebo d'g pr : , p quality
Multiple (1) controlled isease-specific qgahty of life more than
when compared with placebo. comparators
The other 2 studies found no
improvement.
Secondary Outcomes
i SCIT
Dust mite (6) vs. Placebo (9)
Pulmonary CB:"'Jrltt:r(12()2) vs. Pharmacotherapy (2) There were variable and
function test 13 1,024 : vs. No SCIT (1) : were varia Not graded
results Ragweed (1) inconsistent findings.
Cladosporium (1)
Multiple (1) SCIT C|L.]Ste|' VS.
conventional (1)
Dust mite (9) 11 studies demonstrated
Cat (3) SCIT significant decreases in
Specific allergen Ragweed (1) vs. Placebo (15) bronchial reactivity favoring the
bronchial 17 514 Birch (1) vs. Pharmacotherapy (2) SCIT group over the Not graded
reactivitiy Cladosporium (1) comparison group.
Dog (1) 6 studies showed no
Multiple (1) difference.
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Table A. Subcutaneous immunotherapy: Summary of allergens, comparators, and main results per outcome (continued)

Allergen
Outcome Numbgr of Numper of (Number of Comparator. Findings* Strepgth of
Studies Participants - (Number of Studies) Evidence
Studies)
Secondary Outcomes (continued)
Dust mite (7) Two studies demonstrated
e Cat (3) SCIT A :
Nonspecific Multiple (2) vs. Placebo (10) significant decreases in
bronchial 16 750 utip ’ bronchial reactivity favoring the | Not graded
- Birch (2) vs. Pharmacotherapy (5)
reactivity . : SCIT group over the
Timothy (1) vs. Conventional (1) combarison arou
Alternaria (1) P group.

SCIT = subcutaneous immunotherapy; SIT = allergen-specific immunotherapy
*This column presents a summary of the relevant findings. Numbers in this column may not match the total numbers of studies included per outcome; for some outcomes, studies

reported more than one comparison per outcome (e.g., different dosage groups).
**Results from pre-post comparisons did not contribute to the evidence grades, as their design was not as strong as head-to-head comparisons. We included these results in the

tables for informational purposes only.
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Table B. Subcutaneous immunotherapy: Summary of safety per location of adverse events

Reaction Allergen Number of Patients in Studies Number of Patients With | Range of Adverse Severit
(Number of Studies) Reporting Adverse Events Adverse Events Events y
gﬁSt mit.e (;) Unspecified (19%)
ernaria (2) SCIT arm: 290 patients SCIT arm: Mild (77%)

Local reactions
(reported as
patients): 16
studies

Cladosporium (2)
Grass mix (2)
Ragweed (2)

Cat (2)

Timothy (1)

Tree mix (1)

1 study reported AEs in the
control arm.

SCIT arm: 854 patients

presenting with AEs

Range 5% to 58%

Moderate (3%)
Severe (1%)

Control arm: 7 patients
(in 1 study)

Control arm:1 patient
presenting with AEs

Control arm: 14%

Unspecified (100%)

Local reactions
(reported as
events): 11
studies

Dust mite (2)
Cat (2)

Dog (1)
Grass mix (1)
Timothy (1)
Ragweed (1)
Parietaria (1)
Alternaria (1)
Multiple (1)

5 studies reported AEs in
the control arm.

SCIT arm: 235 patients—3,717
injections

SCIT arm: 438 reactions
reported

SCIT arm:
Range 0.6% to
54%

Unspecified (29%)
Mild (68%)
Moderate (3%)

Control arm: 86 patients—462
injections (in 3 studies)

Control arm: 16 reactions
reported

Control arm:
Range 2.1% to 3%

Unspecified (75%)
Mild (25%)

410 patients in 1 study that
reported harms for the whole study;
133 patients in 3 studies that did
not report number of injections

SCIT arm: 64
Control arm: 59

2 studies reported 593
reactions

2 studies reported events
by time of presentation

Percentage or
range not
quantifiable

Moderate (59%)
Unspecified (41%)
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Table B. Subcutaneous immunotherapy: Summary of safety per location of adverse events (continued)

Reaction Allergen Number of Patients in Studies Number of Patients With | Range of Adverse Severit
(Number of Studies) Reporting Adverse Events Adverse Events Events y
Timothy (3) ifi 1
Dust mite (2) : , SCIT arm: 47 patients SCIT arm: Range Unspecified (66%)
h SCIT arm: 556 patients . ] Mild (11%)

Cladosporium (1) presenting with AEs 2% to 25% Moderate (23%)

Cutaneous Alternaria (1)

reactions

(reported as
patients): 10
studies

Parietaria (1)
Cat (1)
Multiple (1)

2 studies reported AEs in
the control arm.

Control arm: 48 patients (in 2
studies)

Control arm: 13 patients
presenting with AEs

Control arm: Range
16% to 33%

Unspecified (23%)
Mild (77%)

Respiratory
reactions
(reported as
patients): 15

Dust mite (6)
Timothy (3)
Alternaria (1)
Parietaria (1)
Multiple (2)

6 studies reported AEs in

SCIT arm: 834 patients

SCIT arm: 180 patients
presenting with AEs

SCIT arm: Range
1% to 46%

Unspecified (71%)
Mild (19%)
Moderate (3%)
Severe (7%)

Unspecified (91%)

studies : i i : i . .
the control arm. 2 studies ;ﬂggrec;l)arm. 208 patients (in 6 Crcgr;té?]ltiirmv.vrtl: thslents i:(;)n:(r)oé fg/[)n Range | wild (9%)
reported AEs ONLY in the P 9
control arm.
SCIT arm: 54 patients—1,271 SCIT arm: 58 reactions SCIT arm: Range Mild (95%)

Respiratory
reactions
(reported as

events): 5 studies

Dust mite (1)
Birch (1)
Cladosporium (1)
Alternaria (1)

Cat (1)

4 studies reported AEs in
the control arm.

injections

reported

0.3% to 2.9%

Moderate (5%)

Control arm: 26 patients—1,271
injections (in 6 studies)

Control arm: 32 reactions
reported

Control arm: Range
0.2% to 2.45%

Mild (16%)
Moderate (84%)

85 patients in 2 studies did not
report number of injections.

SCIT arm: 45
Control arm: 40

188 reactions reported in
these 2 studies

SCIT arm: 91
Control arm: 97

Percentage not
quantifiable

Mild (83%)
Moderate (17%)

ES-23




Table B. Subcutaneous immunotherapy: Summary of safety per location of adverse events (continued)

Reaction Allergen Number of Patients in Studies Number of Patients With | Range of Adverse Severit
(Number of Studies) Reporting Adverse Events Adverse Events Events y
Timothy (1
Gl reactions vy

(reported as
patients): 1 study

No studies reported AEs in
the control arm.

SCIT arm: 20 patients

SCIT arm: 1 patient
presenting with AEs

5%

Mild (100%)

General
symptoms
(reported as
patients): 14

Timothy (5)
Ragweed (2)
Dust mite (2)
Grass mix (2)
Cat (1)
Cladosporium (1)
Parietaria (1)

SCIT arm: 624 patients

SCIT arm: 190 patients
presenting with AEs

SCIT arm: Range
3.5% to 44%

Unspecified (74%)
Mild (12%)
Moderate (10%)
Severe (4%)

Unspecified (83%)

studies Control arm: 217 patients (in 6 Control arm: 52 patients Control arm: Range | Mild (5%)
7 studies reported AEs in studies) presenting with AEs 3.5% to 35% Moderate (10%)
the control arm. Severe (2%)
. . Percentage or
. SCIT arm: 48 patients SCIT arm: 78 reactions range not Mild (100%)
Birch (1) reported uantifiable
General Grass mix (1) g
symptoms

(reported as
events): 2 studies

1 study reported AEs in the
control arm.

Control arm: 22 patients (in 1
study)

Control arm: 81 reactions
reported

Percentage or
range not
quantifiable

Mild (100%)
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Table B. Subcutaneous immunotherapy: Summary of safety per location of adverse events (continued)

Reaction Allergen Number of Patients in Studies Number of Patients With | Range of Adverse Severity
(Number of Studies) Reporting Adverse Events Adverse Events Events
Unspecified (36%)
Ragweed (3) SCIT arm: 373 patl SCIT arm: 79 patients SCIT arm: Range Mild (24%)
Dust mite (2) arm: patients presenting with AEs 2% to 53% Moderate (32%)
Unspecified Timothy (2) Severe (8%)
reactions Cat (1)

(reported as
patients): 10

Grass mix (1)
2 studies reported AEs in

studies the control arm. 1 study Control arm: 103 patients (in 1 _ . Control arm: Range | Unspecified (50%)
reported AEs ONLY in the study) Controlt.arm. %hZXEtlents 10% to 17% Moderate (34%)
control arm. presenting wi s Severe (16%)
Cladosporium (1)

Unspecified Cat (1)

reactions Multiple (1) 59 patients in 3 studies that did not 0.3t0 2.8 events

(reported as
events): 3 studies

No studies reported AEs in
the control arm.

report number of injections

64 reactions reported

per patient

Unspecified (100%)

Anaphylactic
reactions: 4
studies

Dust mite (2)
Timothy (1)
Cladosporium (1)

No studies reported AEs in
the control arm.

SCIT arm: 205 patients

SCIT arm: 13 reactions
reported

SCIT arm: Range
0.7% to 26%

Severe (100%)

AE = adverse event; Gl = gastrointestinal; SCIT = subcutaneous immunotherapy
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Table C. Subcutaneous immunotherapy: Summary of allergens, comparators, and main results per outcome in the pediatric population

Allergen

Outcome Number of Number of (Number of Comparator Findinas* Strength of
Studies Participants . (Number of Studies) 9 Evidence
Studies)
Asthma Studies
Dust mite (1) SCIT Moderate that
Cladosporium (1) Placebo (4 The SC'.T group showed SCIT improves
Asth ; 6 55O Rve (1 vs. Placebo (4) greater improvement than the h ;
sthma symptoms ye (1) vs. Pharmacotherapy (2) comparison group in all asthma symptoms
Alternaria (1) studies more than
Multiple (2) ) comparators
2 studies showed significant
reduction in medication
sSCIT consumption in the SCIT arm Low that SCIT
Asthma Dust mite (1) vs. Placebo (2) when compared with improves asthma
medication 4 470 Rye (1) vs. Pharmacotherapy (2) pharmacotherapy. 1 study did medication scores
scores Multiple (2) not find significant differences. | more than
1 study did not report results comparators
from direct comparison
between groups.**
Low that SCIT
Asthma plus Both studies showed improves asthma
rhinitis/rhino- Cladosporium (1) scIT significant reduction in asthma | plus rhinitis/
conjunctivitis 2 80 Altern arr)i a (1) vs. Placebo (2) and rhinoconjunctivitis rhinoconjunctivitis
medication ) medication consumption in the | medication scores
scores SCIT group. more than
comparators
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Table C. Subcutaneous immunotherapy: Summary of allergens, comparators, and main results per outcome in the pediatric population

(continued)

Allergen
Outcome Numbgr of Numper of (Number of Comparator. Findings* Strgngth of
Studies Participants . (Number of Studies) Evidence
Studies)
Asthma Studies (continued)
Low that SCIT
improves asthma or
Asthma or asthma SCIT _ asthma plus
plus vs. Placebo (1) Both studies showed . X -
rhinoconjunctivitis Dust mite (1) significant improvement in the rhlnoqonjunctlvms
bined 2 85 Alt 2 (1 vs. SCIT (1)-placebo SCIT h q combined
combine ernaria (1) placebo controlled CIT group, when compare symptom-
symptom- with placebo. o
S medication scores
medication scores
more than
comparators
Rhinitis/Rhinoconjunctivitis Studies
Moderate that
Rhinitis/ Alternaria (1) SCIT All studies showed greater rSh(iSr:i'[i;erroves
rhinoconjunctivitis 3 285 Cladosporium (1) vs. Placebo (3) improvement in symptoms in ; .
. rhinoconjunctivitis
symptoms Birch (1) the SCIT group.
symptoms more
than comparators
. All studies showed greater
Conjunctivitis Alternaria .(1) SCIT improvement in symptoms in
3 285 Cladosporium (1) . Low
symptoms . vs. Placebo (3) the SCIT group compared with
Birch (1)
placebo.
Di i Alternaria (2) \?scglacebo 1) B_Othf_studie_s reported
isease-specific 2 350 Multiple (1) . significant improvement in Low

quality of life

vs. Pharmacotherapy (1)

disease-specific quality of life
in the SCIT arm.

SCIT = subcutaneous immunotherapy
*This column presents a summary of the relevant findings. Numbers in this column may not match the total numbers of studies included per outcome; for some outcomes, studies
reported more than one comparison per outcome (e.g. different dosage groups).
**Results from pre- post comparisons did not contribute to the evidence grades, as their design was not as strong as head-to-head comparisons. We included these results in the

tables for informational purposes only.
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Table D. Sublingual Immunotherapy: Summary of allergens, comparators, and main results per outcome

Outcome Number of Number of (l\ﬁjllnﬂ)geernof Comparator Findinas* Strength of
Studies Participants Studies) (Number of Studies) 9 Evidence
Symptom Scores
Dust mite (7) SLIT High that SLIT
Alternaria (2) vs. Placebo (12) All placebo controlled studies improves
Asthma 13 625 Grass mix (1) ’ . demonstrated significant improvementin | asthma
. vs. Inhaled steroids (1) .
symptoms Tree mix (1) the SLIT group. The remaining study symptoms more
. vs. SLIT (1) (placebo . :
Birch (1) controlled) showed improvement in both arms. than
Parietaria (1) comparators
Grass mix (10)
Dust mite (8)
Parietaria (3) Moderate that
Cedar (3) SLIT SLIT improves
Rhinitis or rhino- Timothy (2) vs. Placebo (32) All studies showed greater improvement | rhinitis or
conjunctivitis 35 2,658 Ragweed (2) vs. Pharmacotherapy (2) in symptoms in the SLIT group when rhinoconjunctivit
symptoms Birch (2) vs. SLIT (2) (placebo compared with placebo. is symptoms
Olive (1) controlled) more than
Cat (1) comparators
Tree mix (1)
Multiple (2)
Moderate that
. SLIT SLIT improves
Asthma plus g:ii[]nzilr;a @ vs. Placebo (4) 4 studies demonstrated significant asthma plus
rhinitis or rhino- 5 308 Tree mix (1) vs. SLIT (3) (2 placebo improvement in the SLIT group. 1 study rhinitis or
conjunctivitis Dust mite (1) controlled, 1 found no improvement in symptoms rhinoconjunctivit
symptoms Multiple (1) pharmacotherapy (placebo controlled). is symptoms
P controlled) more than
comparators
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Table D. Sublingual Immunotherapy: Summary of allergens, comparators, and main results per outcome (continued)

Allergen
Outcome Numbgr of Numper of (Number of Comparator. Findings* Strgngth of
Studies Participants - (Number of Studies) Evidence
Studies)
Symptom Scores (continued)
Grass mix (3)
Dust mite (2) SLIT Moderate that
Timothy (1) 11 studies showed greater improvement | SLIT improves
. L vs. Placebo (12) : ) ! T
Conjunctivitis 13 1074 Ragwee_d (1) vs. SLIT (1) (placebo in symptomg in the SLIT group.when conjunctivitis
symptoms ' Parietaria (2) controlled) compared with placebo. 2 studies symptoms more
Cedar (1) showed no significant results. than
Olive (1) comparators
Multiple (2)
Medication Scores
Grass mix (9) 17 studies showed reduction in
Dust mite (8) medication consumption in the SLIT
Parietaria (4) SLIT group when compared with placebo (11
C_edar 3) vs. Placebo (33) were statist!cal_ly significant). 4 _studies Mode_rate that
Medication Timothy (2) vs. Pharmacotherapy (2) shovyed.a significant r.edu.ctlon in SLIT improves
use 38 2,724 Ragweed(2) vs. SLIT (5) (placebo medication consumption in the SLIT medication use
Birch (2) controlled) group when compared with more than
Alternaria (2) pharmacotherapy. 12 studies did not comparators
Tree mix (2) show any benefit. 5 studies showed
Olive (1) improvement in the SLIT arm only when
Multiple (3) comparing initial with final scores.**
Combined Symptom and Medication Scores
SLIT
Cedar (5) vs. Placebo (12) 10 studies showed greater improvement Mode_rate that
. X : : SLIT improves
. Parietaria (3) vs. Pharmacotherapy (2) in the SLIT group than in the comparator -
Combined . . . . ) L combined
medication plus Grass mix 3) vs. Nothing (2) group. 5 studies did not find a significant medication plus
svmptoms 19 1,462 Dust mite (1) vs. SLIT (3) (1 placebo difference between comparators. 4 svmptoms
ymp Alternaria (1) controlled, 1 studies showed improvement in the SLIT ymp
scores S scores more
Ragweed (1) pharmacotherapy arm only when comparing initial with final

Multiple (5)

controlled, 1 no SLIT
controlled)

scores.**

than
comparators
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Table D. Sublingual Immunotherapy: Summary of allergens, comparators, and main results per outcome (continued)

Allergen
Outcome Numbgr of Numper of (Number of Comparator. Findings* Strgngth of
Studies Participants - (Number of Studies) Evidence
Studies)
Combined Symptom and Medication Scores (continued)
mprovement i disease.specifc qualy | Moderate that
Cedar (4) SLIT P SP 4 Y SLIT improves
Disease-specific Dust mite (2) of life when compared with placebo. 2 disease-specific
: ) 8 819 . vs. Placebo (8) studies showed no difference. 2 studies ‘ ;
quality of life Grass mix (1) S X . quality of life
; reported significant improvement in the
Multiple (1) S . more than
SLIT group when comparing initial with comparators
final quality of life scores.** P
Other Outcomes
Pulmonar Dust mite (4) SLIT SLIT consistently improves measure of
onary 14 1,375 X vs. Placebo (14) pulmonary function in the allergic Not graded
function testing Multiple (5) . .
asthmatic population.
Allergen 10 SLIT consngtently improves response to Not graded
challenges challenges in the allergic population.

SLIT = sublingual immunotherapy
*This column presents a summary of the relevant findings. Numbers in this column may not match the total numbers of studies included per outcome; for some outcomes, studies

reported more than one comparison per outcome (e.g. different dosage groups).

**Results from pre- post comparisons did not contribute to the evidence grades, as their design was not as strong as head-to-head comparisons. We included these results in the

tables for informational purposes only.
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Table E. Sublingual Immunotherapy: Summary of safety per location of adverse events

Reaction

Allergen
(Number of Studies)

Number of Patients in
Studies Reporting Adverse
Events

Number of Patients
With Adverse Events

Range of Adverse
Events

Severity

Local reactions
(reported as
patients)

37 studies

Grass mix (10)
Dust mite (9)
Tree (8)
Multiple (5)
Parietaria (2)
Alternaria (1)
Ragweed (1)
Cat (1)

23 studies reported AEs in
the control (placebo) arm.

SLIT arms: 2,342

SLIT arms: 560

Range: 0.2% to 97%

Unspecified (35%)
Mild (65%)

Placebo arms: 884
(in 23 studies)

Placebo arms: 142

Range: 3% to 38.5%

Unspecified (23%)
Mild (77%)

Local reactions
(reported as events
or percentage)

2 studies

Timothy (1)
Grass mix (1)

56 patients in 1 study did not
report number of injections
SLIT: 28, Control: 28

80 patients in 1 study did not
report number of events
SLIT: 80 (SLIT vs. SLIT)

380 reactions reported
in this study in the SLIT
arm

Number of reactions not
reported

4.75 events per
patient

Total percent of
adverse events for
both arms: 6%

Mild (100%)
Unspecified (100%)

Upper respiratory
reactions
(reported as
patients)

18 studies

Grass mix (6)
Dust mite (5)
Trees (3)
Parietaria (1)
Multiple (1)

12 studies reported AEs in
the control (placebo) arm; 2
studies had AEs ONLY in the
placebo arm.

SLIT arms: 1,023

SLIT arms: 340

SLIT arms: 3% to
92%

Unspecified (74%)
Mild (24%)
Severe (2%)

Placebo arms: 513
(in 12 studies)

Placebo arms: 223

Placebo arms: 1.6%
to 93%

Unspecified (95%)
Mild (4.9%)
Moderate (0.1%)
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Table E. Sublingual Immunotherapy: Summary of safety per location of adverse events (continued)

Reaction

Allergen
(Number of Studies)

Number of Patients in
Studies Reporting Adverse
Events

Number of Patients
With Adverse Events

Range of Adverse
Events

Severity

Dust mite (4)
Grass mix (5)

SLIT arms: 1,071

SLIT arms: 159

Range: 0.3% to 69%

Unspecified (91%)
Mild (6%)

L irat Trees (1) Moderate (1%)
ower respiratory Cat (1) Severe (2%)

reactions Multipie (2)

(reported as

izesrlhsc}ies 9 studies reported AEs in the | Placebo arms: 473 bﬂgpig/iﬁed (94%)
control (placebo) arm; 2 (in 9 studies) Placebo arms: 139 Range: 3% to 67% MI d( tO) 106
studies had AEs ONLY in the odera eo( 0)
placebo arm. Severe (1%)
Grass mix (4) U ied (949
Dust mite (3) SLIT arms: 1,158 SLIT arms: 142 Range: 0.7%t0 57% | yuib ool (94%)

Cutaneous Trees (2) ild (6%)

reactions Multiple (3)

(reported as

patienhs) 7 studies reported AEs in the

13 studies control (placebo) arm; 1 study | Placebo arms: 476 ) 0, 0 Unspecified (98%)
had AEs ONLY in the placebo | (in 6 studies) Placebo arms: 132 Range: 2% 10 65% | vy’ (206)
arm.

o .
i SLIT arms: 1,611 SLIT arms: 342 Range: 0.3% to 74% UnSpeg'ﬂed (91%)

Grass mix (7) Mild (9%)
Dust mite (5)

Gl reactions Trees (2)

i otari .

(reported as ;235\}223 ((i)) (F;:]agikt)ﬁ d?ég])s' 651 Placebo arms: 244 Range: 3% to 73% Unspecified (100%)

patients) Multiple (3)

19 studies

9 studies reported AEs in the
control (placebo) arm.

1 study with 60 patients did not
report number of doses or
number of events.

Percentage or range
not quantifiable

Unspecified (100%)
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Table E. Sublingual Immunotherapy: Summary of safety per location of adverse events (continued)

Allergen

Number of Patients in

Number of Patients

Range of Adverse

Reaction (Number of Studies) Studies RTE?/Oerr:IT.Zg Adverse With Adverse Events Events Severity
i Mild (100%)
Cardiovascular Grass mix (1) SLIT arms: 65 SLIT arms: 2 Range: 2% to 4%

reactions
(reported as
patients)
2 studies

Cypress (1)

1 study reported AEs in the
control (placebo) arm.

Placebo arms: 30
(in 1 study)

Placebo arms: 1

Range: 2% to 4%

Mild (100%)

Ocular reactions
(reported as
patients)

11 studies

Grass mix (3)
Dust mite (3)
Trees (2)
Parietaria (1)
Multiple (1)

7 studies reported AEs in the
control (placebo) arm; 1 study
had AEs ONLY in the placebo
arm.

SLIT arms: 710

SLIT arms: 279

Range: 1.5% to
73.4%

Unspecified (97%)
Mild (1%)
Severe (2%)

Placebo arms: 518 (in 7
studies)

Placebo arms: 258

Range: 3% to 65%

Unspecified (99%)
Mild (1%)

Grass mix (5)
Dust mite (6)
Parietaria (1)

SLIT arms: 763

SLIT arms: 149

Range: 1% to 60%

Unspecified (74%)
Mild (22%)
Moderate (4%)

Trees (1)
General symptoms | Timothv (1 . . Unspecified (86%)
(reported as Multiplg((Z)) ;ljgieet;()) arms: 435 (in 10 Placebo arms: 21 Range: 6% to 67% Mild (13%)
patients) Moderate (1%)
17 studies . )
10 studies reported AEs in
the control (placebo) arm; 1 2 studies with 116 patients did
study had AEs ONLY in the not report number of doses or Percentage not Moderate (50%)
placebo arm. number of events. quantifiable Unspecified (50%)
Anaphylactic No studies reported
reactions anaphylactic reactions.

AE = adverse event; Gl = gastrointestinal; SLIT = sublingual immunotherapy

ES-33




Table F. Sublingual Immunotherapy: Summary of allergens, comparators, and main results per outcome in the pediatric population
Allergen
Outcome Numbgr of Numper of (Number of Comparator. Findings* Strgngth of
Studies Participants . (Number of Studies) Evidence
Studies)
Symptom Scores
. SLIT High that SLIT
Dust mite (7) . L .
Asthma . vs. Placebo (9) All studies demonstrated significant improves asthma
9 471 Tree mix (1) X -
symptoms S vs. SLIT (1) (placebo | improvement in the SLIT group. symptoms more
Parietaria (1)
controlled) than comparators
5 studies showed greater improvement
in symptoms in the SLIT group when
Grass mix (2) SLIT compared with placebo. 3 studies Moderate that SLIT
Rhinitis or rhino- Dust mite (6) vs. Placebo (10) showed no significant results. 4 studies | improves rhinitis or
conjunctivitis 12 1,065 Parietaria (2) vs. Control (1) did not report results from direct rhinoconjunctivitis
symptoms Olive (1) vs. SLIT (1) (placebo | comparison between groups, but 3 symptoms more
Tree mix (1) controlled) studies showed improvement in the than comparators
SLIT arm only when comparing initial to
final scores.**
Moderate that SLIT
Asthma plus ' SLIT improves asthma
rhinitis or rhino- Tree mix (1) This study demonstrated significant plus rhinitis or
. i 1 98 vs. SLIT (1) (placebo | . - ; - _
conjunctivitis improvement in the SLIT group. rhinoconjunctivitis
controlled)
symptoms symptoms more
than comparators
Dust mite (2) SLIT 2 studies showed greater improvement il\r/InO(:(()e\r/:tse that SLIT
Conjunctivitis 5 513 Olive (1) vs. Placebo (4) in symptoms in the SLIT group when coﬁ'unctivitis
symptoms Tree mix (1) vs. SLIT (1) (placebo | compared with placebo. 3 studies )

Parietaria (1)

controlled)

showed no significant results.

symptoms more
than comparators
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Table F. Sublingual Immunotherapy: Summary of allergens, comparators, and main results per outcome in the pediatric population

(continued)

Allergen
Outcome Numbgr of Numper of (Number of Comparator. Findings* Strgngth of
Studies Participants . (Number of Studies) Evidence
Studies)
Medication Scores
Dust mite (6) SLIT
Grass mix (2) vs. Placebo (12) 9 studies showed significant reduction Moderate that SLIT
Medication 13 1078 Parietaria (2) vs. Control (1) in medication consumption in the SLIT improves medication
use : Olive (1) vs. SLIT (1) (placebo | group. 4 studies did not show any use more than
Tree mix (1) controlled) benefit. comparators
Multiple (1)
Combined Symptom and Medication Scores
Low that SLIT
. . . improves combined
Com_blnt_ad Grass mix (1) SLIT 1 study showed greater improvement in medication plus
medication plus | 2 329 . the SLIT group than in the comparator.
Dust mite (1) vs. Control (2) - symptoms scores
symptoms 1 study showed no difference.
more than
comparators
Other Outcomes
Insufficient that
. e . 1 study showed no improvement in SLIT improves
Disease-specific 2 461 Dust mite (1) SLIT disease-specific quality of life. 1 study disease-specific

quality of life

Grass mix (1)

vs. Placebo (8)

showed no difference.

quality of life more
than comparators

SLIT = sublingual immunotherapy
*This column presents a summary of the relevant findings. Numbers in this column may not match the total numbers of studies included per outcome; for some outcomes, studies

reported more than one comparison per outcome (e.g. different dosage groups).

**Results from pre- post comparisons did not contribute to the strength of evidence grades, as their design was not as strong as head-to-head comparisons. We included these
results in the tables for informational purposes only.
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Abbreviations

AHRQ
FDA
KQ
RCT
SIT
ScCIT
SLIT

Agency for Healthcare Research and Quality
Food and Drug Administration

Key Question

Randomized controlled trial
Allergen-specific immunotherapy
Subcutaneous immunotherapy

Sublingual immunotherapy
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Introduction

The Agency for Healthcare Research and Quality (AHRQ) Effective Health Care Program
requested a comparative effectiveness review of “Allergen-Specific Immunotherapy for the
Treatment of Allergic Rhinoconjunctivitis and/or Asthma.” The topic was selected through the
Effective Health Care Program nomination process.

Background

Allergic rhinitis is a common clinical problem affecting as many as 20 to 40 percent of the
general population in North America.>™ Allergens such as tree, grass, and weed pollens
characteristically cause seasonal rhinoconjunctivitis and/or asthma, whereas cat dander,
cockroach, or dust mite allergens may induce symptoms year-round and are associated with
perennial rhinitis and/or asthma. The prevalence of asthma in the general U.S. population is
approximately 9 percent, and approximately 62 percent of individuals with asthma have evidence
of atopy (i.e., one or more positive specific IgE).>’

The medical management of patients with allergic rhinitis and asthma includes allergen
avoidance, pharmacotherapy, and immunotherapy.*>® Pharmacotherapies for allergic rhinitis
symptoms include topical nasal corticosteroid or cromolyn preparations and/or antihistamines
and decongestants. These must be used daily to provide effective control, raising critical issues
related to long-term compliance, safety, and cost. Similarly, the long-term use of inhaled steroids
for asthma control poses risks, especially if used together with nasal steroids to control seasonal
or perennial respiratory conditions. Furthermore, long-acting bronchodilators have the potential
to cause cardiovascular complications including arrhythmias and sudden death, and leukotriene
antagonists have been associated with neuropsychiatric disturbances.®™*

Allergen specific immunotherapy (SIT) is typically recommended for patients whose allergic
rhinoconjunctivitis and asthma symptoms cannot be controlled by environmental control and
pharmacotherapy, those who cannot tolerate their medications, or those who do not comply with
chronic medication regimens.***® Over the years, allergen specific immunotherapy has proven to
be safe.’**® The U.S. Food and Drug Administration (FDA) approved the use of subcutaneous
allergen extracts (subcutaneous immunotherapy) for the treatment of seasonal and perennial
allergic rhinitis, allergic asthma, and venom sensitivity. The same aqueous materials can also be
administered orally (sublingual immunotherapy), although this not an approved use of these
materials in the United States and such use would be considered off-label. An increasing number
of U.S. physicians are attempting to employ this alternate desensitization approach in the
treatment of allergic respiratory conditions based on European and U.S. studies and the European
Medicines Agency approval of certain oral products; however due to differing standardization of
potency in the Europe and United States, doses have been extremely hard to translate between
countries.

Subcutaneous immunotherapy, as a treatment for allergic diseases, was first introduced by
Noon and Freeman in 1911 as a means of treating grass-induced allergic symptomatology.*’ In
the United States, a patient with allergies receives increasing doses of an allergen-containing
extract, comprised of the relevant allergens to which the patient is sensitive, to suppress or
eliminate allergic symptomatology. With continued administration, it is expected that the
treatment regimen will make the patient tolerant to the offending allergen and suppress future
untoward responses to the allergen(s) through modulation of the patient’s immune system.*®?



Chemical modifications of allergens have been attempted to enhance efficacy, improve
safety, and foster compliance with immunotherapy. Many of these approaches have been
unsuccessful as the allergenicity (potential to cause an untoward allergic reaction) and
immunogenicity (potential to induce a beneficial clinical effect) have changed in parallel, with
little change in the risk-benefit ratio. However, recent approaches with modified and
recombinant allergens, immunostimulatory adjuvants, T-cell tolerizing constructs, and improved
oral approaches have shown promise for treatment of allergic respiratory disease.”*®

Oral immunotherapy was first proposed as a treatment for allergic disease in the early 1900s.
In 1996, a task force assembled by the World Allergy Organization on Immunotherapy cited the
emerging clinical data on oral immunotherapy and its potential as a viable alternative to
subcutaneous therapy; this encouraged continued clinical investigation to characterize optimal
techniques.?® In this context, oral immunotherapy has been administered as an oral aqueous
immunotherapy where the allergen is mixed with a diluent and swallowed; as an oral-sublingual
immunotherapy where the allergen is placed under the tongue as an aqueous solution or as a
dissolvable tablet for local absorption; and as an oral-encapsulated immunotherapy where the
allergen is placed in a liposome, or polymer, or microencapsulated carrier and swallowed with
pH-dependent release of the allergen to the gut lymphoid tissue.

Interest has also increased considerably related to using sublingual immunotherapy as an
alternative to subcutaneous therapy based on its perceived improved safety margin (reduced risk
of anaphylaxis), simple and convenient oral dosing regimen (avoiding the discomfort of
injections and the inconvenience of office visits for allergy shots), and possibly shorter time to
achieve effect.?”?® Over the past decade, sublingual forms of immunotherapy have gained favor
in Europe; sublingual tablet immunotherapy has been approved by the European regulatory
authorities but is not available in the United States

Rationale for Comparative Effectiveness Review

Although subcutaneous immunotherapy is used worldwide and sublingual immunotherapies
are used broadly in Europe, Latin America, and Asia, sublingual immunotherapy has not been
approved by the FDA for use in the United States. Based on U.S. manufacturer package inserts,
allergen extracts are sold for skin testing and for preparation of immunotherapy solutions for
parenteral administration. Thus, use of these allergenic extracts as sublingual treatment agents is
“off-label” in the United States and third-party payers have generally not paid for sublingual
immunotherapy. In addition, there is no standardized information on how to prepare an oral
extract with licensed allergenic extracts or information on the effective dose. No sublingual
allergen tablets are sold in the United States. This comparative effectiveness review addresses
the comparative efficacy, effectiveness, and safety of the subcutaneous therapies, presently
available for use by clinicians and patients in the United States, as well as the “off-label use” for
possible sublingual applications.

Conceptual Model

Our conceptual model for the systematic review is presented in Figure 1. This figure depicts
the Key Questions (KQs) addressed in this review. The figure illustrates how SIT administered
to patients with respiratory allergies may result in intermediate outcomes including changes in
immunologic parameters and long-term outcomes such as improvement of symptoms and quality
of life and reduction of health care costs. However, adverse events may occur at any point after
treatment is administered. We approached the synthesis of this body of literature by addressing



the KQs described below, separately, for the studies evaluating sublingual immunotherapy, for
the studies evaluating subcutaneous immunotherapy, and for the studies that compared
sublingual immunotherapy with subcutaneous immunotherapy.

Figure 1. Analytic framework for allergen-specific immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma

KQ1
TREATMENT
WITH SIT
\
KQ3 4
nda tcom
Primarv Outcomes
Patients Functional tests (PFT-FEV) Clinical end points:
itk allerglc »| Provocational test * Symptom control
rhinoconjunctivitis = A
and/or asthma Adherence * Medication use
Convenience and compliance * Quality of life
Disease evolution/remission
Biomarkers e s
New allergen sensitivities
\. J Overall health care utilization
Missed days of school/work
KQ2 :

Local: skin, mouth, and throat
= Gastrointestinal
* Respiratory
* Cardiovascular
Systemic: rash, anaphylaxis
* Death

KQ = Key Question; PFT-FEV = pulmonary function test- forced expiratory volume; SIT = allergen-specific immunotherapy

The analytic framework (Figure 1) depicts the impact of treatment for allergic rhinitis and/or
asthma. It depicts the KQs within the context of the inclusion criteria described in the following
sections. The framework represents how allergen-specific immunotherapy in these specific
populations (KQ3) may improve clinical outcomes (KQ1) and/or be reflected in changes in
functional tests or chemical biomarkers. Finally, the potential for harms (KQ2) of specific
immunotherapy are illustrated in the framework.



Key Questions

This review includes our evaluation of the efficacy, effectiveness, and safety of both
sublingual immunotherapy, subcutaneous immunotherapy and the comparison of both. The KQs
to be explored are as follows:

Key Question 1. What is the evidence for the efficacy and effectiveness of
SIT in the treatment of allergic rhinoconjunctivitis and/or asthma?

Key Question 2. What is the evidence for safety of SIT in patients with
allergic rhinoconjunctivitis and/or asthma?

Key Question 3. Is the safety and effectiveness of SIT different in distinct
subpopulations with allergic rhinoconjunctivitis and/or asthma? Specifically:

Children

Adults

The elderly

Pregnant women

Minorities

Inner-city and rural residents
Monosensitized individuals
Patients with severe asthma



Methods

Our Evidence-based Practice Center (EPC) established a team and a work plan to develop
this evidence report. The project involved recruiting key informants and technical experts,
formulating and refining the questions, performing a comprehensive literature search,
summarizing the state of the literature, constructing evidence tables, synthesizing the evidence,
and submitting the report for peer review and public comment.

Topic Development

The topic for this report was nominated in a public process. At the beginning of the project,
we recruited a panel of key informants to give input on key steps including the selection and
refinement of the questions to be examined. The panel included internal experts from the Johns
Hopkins University with expertise in evaluating the efficacy and safety of immunotherapy and
external experts with expertise in immunotherapy research and patient care.

In preparation for this report, we reviewed existing systematic reviews on this topic as well
as guidelines prepared by key professional societies about the use of these therapies. With input
from the key informants, staff of AHRQ, and the Scientific Resources Center, we developed the
KQs. Our draft KQs were posted on AHRQ’s website for public comment in April 2011. We
then refined the KQs based on feedback received.

The final KQs focus on the comparisons of the methods of immunotherapy delivery, their
ability to affect intermediate outcomes, long-term clinical outcomes, and adverse effects. We
drafted a protocol to address these KQs and then recruited a panel of technical experts, which
included experts on the treatment of allergies on the adult and pediatric population, including
asthma experts. With input from the technical expert panel and representatives from AHRQ, we
finalized the protocol.

Search Strategy

We searched the following databases for primary studies for the periods in parentheses:
MEDLINE® (from 1950 to May 21 2012), Embase (from 1947 to May 21 2012), the Cochrane
Central Register of Controlled Trials (to May 21 2012), and LILACS (Latin American and
Caribbean Health Sciences Literature, from 1982 to May 21 2012). We developed a search
strategy for MEDLINE, accessed via PubMed, based on an analysis of the medical subject
headings (MeSH), terms, and text words of key articles identified a priori (Appendix A). We also
reviewed the reference lists of each included articles and relevant review articles.

To identify additional studies, we reviewed public registries of clinical trials, including the
International Clinical Trials Registry Platform Search Portal
(http://apps.who.int/trialsearch/default.aspx) and ClinicalTrials.gov (www.clinicaltrials.gov). We
also assessed medical and statistical reviews, as well as the FDA status of the included
medications, using the Food and Drug Administration website.

The results of the searches were downloaded and imported into ProCite® version 5 (ISI
Research Soft, Carlsbad, CA). We scanned for exact article duplicates; author/title duplicates,
and title duplicates using the duplication check feature in ProCite. From ProCite, the articles
were uploaded to DistillerSR (Evidence Partners, Ottawa, Ontario, Canada), a Web-based
software package developed for systematic review and data management. This database was used
to track the search results at the levels of abstract review, article inclusion/exclusion, and data
abstraction.



We requested Scientific Information Packets from the relevant pharmaceutical companies so
as to be able to include gray literature in this review.

Study Selection

The abstract review phase was designed to identify randomized controlled trials (RCTs)
reporting on the effects of SIT on intermediate outcomes, long-term clinical outcomes, and/or
adverse events and side effects (Appendix B). We included only articles published in English due
to volume of literature and lack of resources to translate all the languages encountered. Abstracts
were reviewed independently by two investigators and were excluded if both investigators
agreed that the article met one or more of the exclusion criteria (Table 1). Differences between
investigators regarding abstract inclusion or exclusion were resolved through consensus
adjudication.

Avrticles promoted on the basis of abstract review underwent another independent parallel
review to determine if they should be included for data abstraction (Appendix B). Differences
regarding article inclusion were resolved through consensus adjudication. A third reviewer
audited a random sample of abstract and article reviews to ensure consistency in the reviewing
process.

Studies utilizing sublingual formulations not currently available or in which similar off label
use allergens are not available in the United States such as sublingual tablets, were not included
in this review. We also excluded articles in which oral immunotherapy was immediately
swallowed without prolonged mucosal contact, as this type of immunotherapy is not currently in
clinical use.

Table 1. Study inclusion and exclusion criteria

PICO Criteria Inclusion and Exclusion Criteria

Studies enrolled patients with allergic rhinoconjunctivitis and/or allergic asthma due to
airborne allergies.

Allergic rhinoconjunctivitis must have been confirmed by skin tests or RAST and asthma
must confirmed by pulmonary lung function (FEV; methacholine challenge).

Population and
condition of interest

(Appengilx C, Studies included adults, the elderly, pregnant women, individuals with severe asthma,
Population) ”» e A X . .
monosensitized individuals, minorities, inner-city residents, and rural residents.

Interventions The intervention was SIT alone or with usual care.

- SIT preparation must be available for use in the United States
(Appendix C, o .

; No study of SIT was excluded because of timing or duration of treatment.
Interventions)

We excluded studies where dosage units were NOT specified




Table 1. Study inclusion and exclusion criteria (continued)

PICO Criteria

Inclusion and Exclusion Criteria

Comparisons of
interest

We included studies that compared SIT (subcutaneous immunotherapy or sublingual
immunotherapy ) to any of the following:

1. Placebo

2. Any other SIT (any form available in the United States)

3. Pharmacotherapy (positive control)

(Appendix C, 4. Environmental control
Comparators) 5. Usual care (for example, environmental control, pharmacotherapy)
Studies where SIT was used alone or in combination with any other treatment and compared
with the listed comparators or any other treatment
We included studies that reported the following outcomes:
Primary outcomes
1. Symptom scores (for rhinitis, conjunctivitis, or asthma)
2. Medication scores
3. Combined symptom and medication scores
Outcomes ; ;
. 4. Quality of life
(Appendix C,
5. Safety or harms
Outcomes

Explanations)

Secondary outcomes

Functional test results (PFT, FEV)

Provocational test results (for nasal, conjunctival, or bronchial challenges)
Adherence and convenience

Long-term effects of SIT (disease modification-prevention of sequelae or new
sensitivities)

PODNE

Timing and Setting

We did not impose any limitation on timing or setting.

Study design

We included only randomized, controlled trials

FEV = forced expiratory volume; PFT = pulmonary function testing; RAST = radioallergosorbent test; SIT = allergen specific

immunotherapy

All of the articles had to meet four basic criteria to be included: the allergic diagnosis had to
be confirmed, the study had to include a relevant comparison group, the dose of allergen had to
be specified, and the study had to report the outcomes of interest.

The studies compared the outcomes of patients receiving immunotherapy to the outcomes of
patients that did not receive immunotherapy. The comparator arms sometimes included
administration of a placebo and uniformly included pharmacotherapy for symptom control,
which can be considered to be usual care. The majority of immunotherapy arms also permitted
concurrent use of pharmacotherapy.

In this review, multiple allergen immunotherapy was defined as the use of extracts containing
more than one allergen species, including cross-reacting allergens. Single allergen
immunotherapy was defined by the use of a single allergen species, and not by a class of

allergens.

Allergists may apply different definitions of single and multiple allergen immunotherapies to
our findings. Multiple allergen immunotherapies can be defined as the use of extracts containing
more than one allergen class, whereas single allergen immunotherapy can refer to the use of
closely related allergens within the same class. For example, a study using a grass mix allergen




(or tree mix, or 2 dust mite species) could be considered a single allergen study, whereas a
multiple allergen study could use different classes of allergens, such as tree and grass.

Data Abstraction

We used a systematic approach for extracting data to minimize the risk of bias in this
process. By creating standardized forms for data extraction, which were pilot tested, we sought
to maximize consistency in identifying all pertinent data available for synthesis. Each article
underwent double review by study investigators for data abstraction. The second reviewer
confirmed the first reviewer’s data abstraction for completeness and accuracy. Reviewer pairs
were formed to assure clinical and methodological expertise. A third reviewer re-reviewed a
random sample of articles by the first two reviewers to ensure consistency in the data abstraction
of the articles. Reviewers were not masked to the articles’ authors, institution, or journal. In most
instances, data were abstracted from the text or tables in the article. If possible, relevant data
were also abstracted from figures. Differences in opinion were resolved through consensus
adjudication and in difficult cases, during team meetings.

For all articles, reviewers extracted information on general study characteristics (for
example, study design, study period, and followup); study participants (for example, age, sex,
race, disease, inclusion criteria, allergens, and duration of disease); interventions (for example,
doses, frequency of use, and duration of use); primary and secondary outcome measures, their
the method of ascertainment, and the results of each outcome; and safety (Appendix B). For
studies that recorded outcomes at multiple time points, we used the outcome data from the final
time point reported. However, some studies treated and assessed subjects for only one season; in
these single season studies, the values reported at peak pollen seasons were used when available.

All information from the article review process was entered into the DistillerSR database by
the individual completing the review. Reviewers entered comments into the system whenever
applicable. The DistillerSR database was used to maintain and clean the data, as well as to create
detailed evidence tables and summary tables.

Quality Assessment

Two reviewers independently assessed the risk of bias in each article and came to consensus
about the overall rating. We used a modification of the Cochrane Collaboration Tool for
Assessing Risk of Bias from the Cochrane Handbook for Systematic Reviews of Interventions.?
This tool was used to assess potential sources of bias:

Was there random allocation of subjects?

Was the allocation scheme concealed?

Was the intervention concealed from study personnel and participants?
Was incomplete data adequately addressed?

Were there other important sources of bias?

We did not assess selective outcome reporting in this body of literature. We did, however,
assess a sixth item: the participation of the sponsor company in the study design and
interpretation.

For each bias category, reviewers entered “Yes” if item posed a low risk of bias, “No” if item
posed a high risk of bias, or “Unclear” (Appendix C).

e Good (low risk of bias). 0-1 point. These studies had the least bias, and the results were

considered valid. These studies adhered to the commonly held concepts of high quality,
including the following: a formal randomized controlled design; a clear description of the
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population, setting, interventions, and comparison groups; appropriate measurement of
outcomes; appropriate statistical and analytic methods and reporting; no reporting errors;
a low dropout rate; and clear reporting of dropouts.

Fair (moderate risk of bias). 2-3 points. These studies were susceptible to some bias,
but not enough to invalidate the results. They did not meet all the criteria required for a
rating of good quality because they had some deficiencies, but no flaw was likely to
cause major bias. The study may have been missing information, making it difficult to
assess limitations and potential problems.

Poor (high risk of bias). 4-6 points. These studies had significant flaws that might have
invalidated the results. They had serious errors in design, analysis, or reporting; large
amounts of missing information; or discrepancies in reporting.

We reviewed all of the studies that had only one point in the overall quality assessment and made
some reassignments. Studies remained in the Good (low risk of bias) category if the single point
was due to sponsorship or “other sources of bias”; studies were assigned to the Fair (moderate
risk of bias) category if the single point came from lack of allocation concealment, lack of
blinding or incomplete data reporting.

Data Analysis and Synthesis

We distributed the studies by intervention, disease, and allergen KQ following the following
diagram, and addressed the KQs within each intervention and disease strata (Figure 2).

Figure 2. Algorithm for the approach and classification of the studies

Other| vs. | SCIT Vs. SLIT | vs. |Other
/\‘ / \
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GRASS COCKROACH GRASS COCKROACH GRASS COCKROACH GRASS COCKROACH
WEEDS DUST WEEDS DUST WEEDS DUST WEEDS DUST
MOLDS MOLD MOLDS MOLD MOLDS MOLD MOLDS MOLD

SCIT = subcutaneous immunotherapy; SIT = allergen specific immunotherapy; SLIT = sublingual immunotherapy

We created a set of detailed evidence tables containing information extracted from eligible

studies

and stratified the tables according to KQ. Once these evidence tables were created, we



rechecked selected data elements against the original articles. If there was a discrepancy between
the data abstracted and the data appearing in the article, this discrepancy was brought to the
attention of the investigator in charge of the specific dataset and the data were corrected in the
final evidence tables. Given the substantial heterogeneity between studies and the lack of
reporting of measures of variability, we did not quantitatively pool the data.

We summarized the safety of sublingual immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma by abstracting the harms or adverse events reported in the
included studies. The adverse events recorded with sublingual immunotherapy were divided into
two general categories. Local reactions are reactions that occur at the site of introduction of
allergen. In the case of sublingual immunotherapy, these are reactions that occur in the oral
cavity, such as mouth irritation, itching, swelling, and pain. The reactions may or may not
require treatment and can range from mild to severe. Systemic reactions are allergic reactions
that occur distant to the site of introduction of the allergen and can include any system of the
body: cutaneous, ocular, gastrointestinal, or respiratory. These reactions may or may not require
treatment, and some may require hospitalization. Severity can range from mild to life-
threatening. The most severe potential systemic reactions with allergen-specific immunotherapy
include anaphylaxis and death.

Studies used different methods for reporting safety data. The two most common methods
were number of patients experiencing adverse events and number of adverse events experienced
throughout study period. Due to the heterogeneity observed in the different studies, the safety
outcomes are presented only descriptively.

Data Entry and Quality Control

Each data element was reviewed by at least two reviewers. The second reviewers were
generally more experienced members of the research team. In addition, two additional
investigators audited a random sample of the reviews to identify any problems with data
abstraction. If problems were recognized in a reviewer’s data abstraction, the problems were
discussed at a meeting with the reviewers. In addition, research assistants used a system of
random data checks to assure data abstraction accuracy.

Rating Body of Evidence

At the completion of our review, we graded the quantity, quality, and consistency of the best
available evidence addressing the three KQs by adapting by the Grading of Recommendation
Assessment, Development and Evaluation (GRADE) Working Group, adapted by AHRQ in the
“Methods Guide for Effectiveness and Comparative Effectiveness Reviews”
(www.effectivehealthcare.ahrg.gov/index.cfm/search-for-guides-reviews-and-
reports/?productid=328&pageaction=displayproduct) and published in the Journal of Clinical
Epidemiology.**!

We applied evidence grades to the collection of trials for each comparison and for each
outcome. We found that some articles reported only the post- to pre- comparisons within the
intervention arm. We show these results in our evidence tables and summary tables, however,
those results did not contribute to the evidence grades as this is a less strong design than the
head-to-head comparisons. In our grade assignments, we considered the limitations of each
individual study’s quality (using the risk of bias classification), the consistency of the direction
of the effect across studies, the directness of the body of evidence to the question of interest, and
the magnitude of the effects reported across trials. We could not comment on the precision of the
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effect sizes as there were seldom measures of variance within the individual studies. We did not
use the reported statistical significance of the differences between groups to grade the evidence
as this was not consistently reported. We could not generate confidence intervals for these data
as these were largely continuous outcomes. We calculated the percent change in outcomes in the
intervention arm, and also the percent change in the comparator arm; the magnitude of effect was
based on the difference between comparators.

There is no clear consensus on what is considered a clinically relevant improvement in
symptoms. While some clinicians may suggest that a 15 percent change could reflect real and
significant improvement in symptoms in some patients, Canonica et al state that “the minimal
clinically relevant efficacy should be at least 20 percent higher than placebo.”*° We would
expect less difference in symptom improvement when comparing immunotherapy to
medications. Our systematic review included both studies using placebo and other comparators
(such as medications). We chose to classify magnitude of effect as weak if there was less than a
15 percent difference in percent change between the SIT group and comparator arm; a 15 to 40
percent difference was called moderate, and greater than 40 percent was considered a strong
effect. We applied this scheme to all graded outcomes in this review. We did not grade the
evidence for indirect outcomes such as pulmonary function testing and provocational studies.

The investigator responsible for each section assigned an evidence grade for each disease
(asthma, allergic rhinitis, and rhinoconjunctivitis) and each treatment comparison. The team
reviewed these and came to a consensus. We assigned evidence grades as:

1. High grade (indicating high confidence that the evidence reflects the true effect and

further research is very unlikely to change our confidence in the estimate of the effect);

2. Moderate grade (indicating moderate confidence that the evidence reflects the true effect
and future research may change our confidence in the estimate of the effect and may
change the estimate);

3. Low grade (indicating low confidence that the evidence reflects the true effect and further
research is likely to change our confidence in the estimate of the effect and is likely to
change the estimate); and

4. Insufficient (evidence is unavailable or no relevant trials).

We adhered to the following system to assign the overall grade of evidence for each
outcome. High grade evidence is at least 2 trials having low risk of bias, at least 1 of which has a
strong magnitude of effect and the overall body of evidence is largely consistent. Moderate grade
evidence is 1 trial having a low risk of bias with a strong magnitude of effect; or 2 or more trials
with medium risk of bias having strong magnitudes of effect, or 1 trial having low risk of bias
with moderate magnitude of effect plus 1 trial having medium risk of bias with strong magnitude
of effect and an overall body of evidence that is largely consistent. Low grade evidence was
assigned if there was evidence but it did not meet the criteria for the above categories. Evidence
was insufficient if there were no relevant trials or data were insufficient.

If the evidence did not meet the criteria to be rated as high then it was graded as moderate IF
it met criteria for moderate, if not then it was graded as low. A body of evidence was considered
consistent if the direction of effect was the same for all studies for a given comparison and
outcome.

The safety data reported in this systematic review include only events reported in RCTs.
Evidence grades on the safety of SIT using only this data would be invalid since the grades
would not be based on the entirety of the evidence, as safety events are more completely
captured in observational studies. Given this, we chose not to grade the safety data. Additionally,

11



the lack of consistency on the reporting of adverse events and the differences in the severity
grading systems made the safety data difficult to synthesize.

Applicability

Throughout the report, we discuss the applicability of the results as the degree to which the
study population, interventions, outcomes, and settings are typical of treatment of individuals
with allergic rhinitis and asthma in usual care settings (for example, outpatient treatment by
internists, family physicians, pediatricians, allergists, and otolaryngologists).

Peer Review and Public Commentary

A draft of the evidence report was reviewed by the peer reviewers, AHRQ representatives,
and the Eisenberg Center.
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Results
The literature search identified 7,746 citations. During the abstract review process, we
excluded 5,942 citations which did not meet eligibility criteria. At the level of full-text article
review, we excluded another 1,626 and included 178 articles for data abstraction. At this level
we excluded 36 articles and included 142 articles for the final analysis (Figure 3).

Figure 3. Literature search

Search Results from
electronic databases
16,764
MEDLINE 6498 Reasons for Exclusion at Title/Abstract Review Level’
Cochrane 840 + Does not apply to any of the key questions: 3,385
EMBASE 9,327 + No subjects with allergic rhinoconjunctivitis: 129
LILACS 99 + NoSIT: 1,871
+ Therapy not available in the US: 570
+ No comparison group and no report of harms: 42
+ Number of subjects in study is 6 or fewer on active
> Duplicates: treatment: 23
9,018 + Study evaluates outcomes in animals only (no humans
evaluated): 81
3 + No original data: 1,293
Title/Abstract Review »| + Other reason for exclusion (specify): 791
7,746
Excluded
> 5,942 Reasons for Exclusion at Article Review Level’
* Abstract only: 45
v + Study design: 196
) . + Part of another study: 19
,-’\rucl]c}::;\-lcw + Library unable to locate: 43
) + Foreign language: 588
¢ OralIT: 5
+ It does not meet ALL of the inclusion criteria: 593
Excluded . l).un.':‘; |1_0I apply to any of the key questions: 370
> 1,626 >+ NoSIT: 46
+ Therapy NOT AVAILABLE in the US: 174
* Number of subjects in study is 6 or fewer on active
treatment: 6
« Study evaluates outcomes in animals only (no humans
v evaluated): 3
Data Abstraction * Nogngieal dute; 228 ; o
178 + Other reason for exclusion (specify): 179
+ Exclude but keep for harms analysis: 64
Excluded at data
> abstraction level
v =5 Reasons for Exclusion at Data Abstraction Level®
= No diagnosis: 9
Included f"i"‘l"'s | *+ No comparator group: 5
142 "+ Nodose specified: 7
« SLIT: 60 + No outcomes: 5
» SCIT: 74 * Not RCT: 6
= SLIT vs. SCIT: 8 « Not available in the US: 1
= Data not abstractable: 7

RCT = randomized controlled trial; SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy

* Total may exceed number in corresponding box, as articles were excluded by two reviewers at this level.

** Other reasons: Control group is healthy population, routes of administration not included, abandoned interventions, outcomes
not reported, no comparator group, continued medical education reports, editorials or reviews, studies about mechanism or
action, other allergies (food, aspirin).
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Summary of Findings

All studies included were randomized controlled trials. We included 74 references that
investigated the efficacy and safety of subcutaneous immunotherapy (SCIT), 60 studies that
investigated the efficacy and safety of sublingual immunotherapy (SLIT), and eight studies
compared subcutaneous immunotherapy and sublingual immunotherapy, with only 3 of these
studies reporting findings from head-to-head comparisons between both forms of SIT.
Appendixes D, E, F, and G include details of all studies included; and Appendix H provides a
listing of excluded articles with reasons for exclusions.

Seventy-five studies (52%) included only adults and 34 studies (24%) included only children.
Thirty two studies (22%) included both adults and children (mixed population). One study in the
SCIT intervention did not specify the age of the population studied® (Figure 4).

Figure 4. Count of studies including children, adults, or both

60

a only adults

Oonly children

B mixed population

B age not reported

Number of studies

SCIT SLIT SCIT vs SLIT

SCIT = subutaneous immunotherapy; SLIT = sublingual inmunotherapy

We had no limits on study size; the number of patients randomized in the studies ranged from
15 to 511. Twenty nine studies (20%) had fewer than 30 patients and twenty-six studies (18%)
had more than 100 patients. The majority of the SCIT studies (54 studies or 73%) had 50
subjects or fewer, whereas 60 percent of SLIT studies (36 studies) enrolled at least 50 subjects.
(Figure 5).
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Figure 5. Count of studies by number of enrolled participants
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SCIT = subutaneous immunotherapy; SLIT = sublingual immunotherapy.

We had no limitations based on duration of treatment. Only ten studies (7%) treated patients
for up to 4 months (16 weeks), 50 studies (35%) treated patients for up to one year, 54 studies
(38%) had a duration between 1 and 3 years, and 17 studies; 9 treating with sublingual
immunotherapy and 8 treating with subcutaneous immunotherapy had a duration longer than 3
years. One study treated patients with subcutaneous immunotherapy for 4 years.*® Eleven studies
(9%) were seasonal, meaning that the patients were followed only through the allergy season; 5
were studies of subcutaneous immunotherapy and 6 were sublingual immunotherapy (Figure 6).

Figure 6. Count of studies by duration of treatment
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Since immunotherapy is not usually the first treatment, the number of years with disease is
often a criterion for inclusion in clinical trials. However, 74 of the included studies (52%) did not
report years with disease. In the rest, this was specified as an inclusion criterion. In 22 percent of
the studies, patients had the disease for 1 to 5 years; in 22 percent of the studies patients had the
disease for more than 5 years. In only five studies, patients had the disease for less than a year
(Figure 7).

Figure 7. Count of studies by disease severity in enrolled participants
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Numerous studies were designed as immunotherapy versus placebo (73% of the SCIT studies
and 80% of the SLIT studies), but some of the studies comparing different immunotherapy
regimens (e.g., low dose vs. high dose, coseasonal vs. continuous, cluster vs. classic) included a
placebo arm, increasing the number of overall placebo controlled studies to 105 studies (74%);
54 SCIT studies, 48 SLIT studies and 3 SLIT versus SCIT studies ***® had a placebo arm. Very
few studies were designed to compare SIT versus pharmacotherapy: only 6 SCIT studies,®"* 3
SLIT studies,** and 2 SLIT versus SCIT studies*"*® included a pharmacotherapy arm (Figure
8).
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Figure 8. Count of studies by design of comparator
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The majority of the studies allowed the use of pharmacotherapy (conventional or rescue
therapy) as needed; 75 percent of the SCIT studies (remaining 25% were not reported), 98
percent of the SLIT studies and 100 percent of the SLIT versus SCIT studies (see Intervention
Characteristics tables in Appendixes D, E and F).

Non-English Literature

Our search identified 590 articles written in languages other than English. These articles were
reviewed by two investigators, following the same procedure that all the other articles. This was
done after the results of the English language articles were known. After title and abstract
review, we excluded 525 references and included 65 for full article review. From these 65
articles, we excluded 44 based on language plus other criteria: did not study SIT, were review
articles, used oral or nasal immunotherapy, or did not apply to our KQs. For the remaining 21
articles, we used Google’s Web-based translation services, Google Translate®
(http://translate.google.com)*’ to translate the article to determine if their results were
comparable to those in the English language literature. The translation service did not work on
eight articles. Among the remaining articles, five were not RCTs. In the nine RCTs (three
Spanish, two German, two French, one Polish, one Japanese), the results were concordant with
the results in the English-language literature.
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Subcutaneous Immunotherapy

Study Characteristics

These 74 articles, with 4350 subjects, were published between 1967 and 2012. The
publications originated from Europe (56 studies or 76%), North America (12 studies or 16%),
Asia (5 studies or 7%), South America (1 study or 1%), and Australia (1 study or 1%) (Appendix
D, Evidence Table D1). Thirty-five studies (50%) had at least some industry support, although
18 studies (25%) had no identified funding source (Appendix D, Evidence Table D1). Twenty
one studies (28%) had a low risk of bias. Fifty-two percent (39 studies) were rated as having a
medium risk of bias, and 14 studies (20%) were considered to have a high risk of bias (Appendix
D, Evidence Table D4).

The primary diagnoses of the subjects were asthma in 19 studies, rhinitis in ten
studies,***®" rhinoconjunctivitis in 14 studies,*”">®" asthma with rhinitis in 18 studies, 3408
191 and asthma with rhinoconjunctivitis in 13 studies***%***% (Appendix D, Evidence Table D1).

By design, all the studies required subjects to have positive allergy skin test results and/or
positive in-vitro specific IgE test results. Forty two studies (57%) required that the subjects had
not received previous immunotherapy. Eighteen (24%) focused on monosensitized
individuals,*'48:2300.77.79,84,88,90-92,95-97.99.102. 103,108 Tha majority of studies (44 studies or 59%)
evaluated seasonal allergens including trees, grasses, weeds, and seasonal molds, followed by
perennial allergens in 28 studies (38%); only 2 studies (3%) included both seasonal and perennial
allergens. Forty-eight studies used a single allergen, whereas the remaining 26 studies used
multiple allergens. The most common allergen studied was dust mite (21 studies or 31%) (Figure
9).

41,48-6465

Figure 9. Subcutaneous immunotherapy studies by type of allergen
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Population Characteristics

The age range of participants in the subcutaneous immunotherapy studies was 3 to 72 years
(Appendix D, Evidence Table D2). Twenty-four studies reported the mean or minimum duration
of disease among the enrolled participants. Mean duration of disease ranged from 1 year to 24
years. All but twelve studies reported gender; all studies reporting gender included male and
female patients. Only one study reported the race of the participants.®

Key Question 1. What is the evidence for the efficacy and effectiveness of
subcutaneous immunotherapy in the treatment of allergic rhinoconjunctivitis
and/or asthma?

Evidence for the Efficacy and Effectiveness of Subcutaneous

Immunotherapy in the Treatment of Asthma
In this section we report findings from the 74 references that investigated the safety and
efficacy of subcutaneous immunotherapy in the Treatment of Asthma

Key Points

Relative to placebo or control treatment:

e High grade evidence supports that subcutaneous immunotherapy improves asthma
symptom control, based on 16 randomized controlled trials with 1178 subjects.

e Moderate grade evidence supports that subcutaneous immunotherapy improves asthma
plus rhinitis/rhinoconjunctivitis symptoms, based on five randomized controlled trials
with 175 subjects.

e High grade evidence supports that subcutaneous immunotherapy reduces asthma
medication use, based on 12 randomized controlled trials with 1062 subjects.

e High grade evidence supports that subcutaneous immunotherapy reduces asthma plus
rhinitis/rhinoconjunctivitis medication use, based on five randomized controlled trials
with 203 subjects.

e Low grade evidence supports that subcutaneous immunotherapy improves
asthma/rhinitis/rhinoconjunctivitis symptom control and medication use, based on six
randomized controlled trials with 196 subjects.

Asthma and Asthma/Rhinoconjunctivitis Symptoms

Asthma symptom scores alone, or combined asthma with rhinitis/rhinoconjunctivitis
symptom scores were reported in 20 asthma studies,>%40:48:49:52,53:56.58-61,64,65,89.95,98,101, 110-112
(Appendix D, Evidence Tables D5 and D6). Eighteen studies evaluated asthma symptom scores
(Appendix D, Evidence Table D6). The number of participants in each study ranged from 16 to
300. The duration of assessment ranged from 3 months to 6 years. Twelve studies compared
subcutaneous immunotherapy to placebo; three studies compared subcutaneous immunotherapy
to pharmacotherapy; one study compared subcutaneous immunotherapy to a control group which
did not receive SIT; one study compared SCIT using a cluster schedule versus a conventional
schedule; and another compared SCIT duration of 3 years versus 5 years. Various measures of
asthma symptoms were used. Although the scoring system was not always described, some
studies used self-reported symptoms using an ordinal scale. Other measures of asthma symptoms
include time to first increase in symptoms,®* mean percentage of days and nights with asthma,*
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number of asthma exacerbations per year,” and comparison of number of subjects who were
improved, unchanged, or deteriorated.®* Across studies, the immunotherapy group showed an
improvement in asthma symptoms scores ranging from 17 to 84 percent greater than the
comparison group.

Thirteen of sixteen studies (81%) reported statistical comparisons between subcutaneous
immunotherapy and the comparison group.*048:2°3,56:39.61.65.98.101 111 112.64 Naiority of the studies
used a single allergen for immunotherapy. The most common single allergen was dust mite in
seven studies.***>2°8%0.% geyven of the sixteen studies (44%) demonstrated significant
improvement in asthma symptoms from subcutaneous immunotherapy when compared with
placebo,>® 1101112 nharmacotherapy,**** or another control group,® with the absolute difference
in asthma symptoms between groups ranging from 17 to 79 percent. Of note, one of these was a
study of perennial allergic asthma and the investigators specifically reported data for patients
only allergic to D. pteronyssinus; when patients who were sensitized to more than one perennial
allergen were included in the analysis, no significant benefit was observed.>® Of the remaining
six studies that compared groups, two studies demonstrated significant improvement in the
subcutaneous immunotherapy group when symptom scores were compared before and after
immunotherapy.®>® In one of these studies, the placebo group also had a significant reduction in
symptom scores.®®

Three studies (19%) did not report statistical comparisons between the immunotherapy and
the comparison groups.***®®° Two of these studies reported significant improvement in symptom
scores for the immunotherapy group, whereas no significant changes in symptom scores were
observed in the comparison groups of both studies.*®®® The third study was a 2-year study in
which patients were treated with preseasonal immunotherapy only in the first year of the study.*
Symptom scores were recorded before, during, and after the pollen season for both years;
however the investigators did not report a direct comparison of the symptom scores between the
first and second year.

Six of 16 studies (38%) reporting asthma symptom scores were large studies with 90 to 300
participants.*0#82°65%55 Among the large studies with low or moderate risk of bias, three studies
investigated dust mite allergen,”*°**° one investigated ragweed allergen,*® and one investigated
multiple allergens.®® Only two of these studies, both investigating dust mites, demonstrated
significant improvement in asthma symptoms, when compared with the comparison group.>?°
Of note, one of these studies reported that this significant improvement was observed exclusively
in a subgroup of subjects whose only perennial allergen sensitivity was to D. pteronnysinus;
there was no significant improvement in the whole study population, which included individuals
with other perennial allergen sensitivity.>? Two high quality studies, including one large study,
reported no significant improvement in asthma symptoms following treatment with subcutaneous
immunotherapy when the immunotherapy group was compared with the placebo group.®>**! In
fact, in the larger study by Adkinson et al, the placebo group had a greater reduction in
symptoms than the immunotherapy group.®® Allergen doses varied across studies with no clear
association between dose and symptom response.

These 16 studies reporting asthma symptom scores included 1178 participants. The overall
strength of evidence is high grade to support the use of subcutaneous immunotherapy to improve
asthma symptom scores (Table 2).

One blinded study by Tabar et al. compared subcutaneous immunotherapy using a cluster
immunotherapy schedule against a conventional schedule.®® After 1 year of immunotherapy, both
groups demonstrated significant improvement in asthma symptoms scores compared with pre-
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treatment scores. At the end of the first year, patients were re-randomized to receive either 3
years or 5 years of subcutaneous immunotherapy; this latter study was an unblinded randomized
trial.'** After 5 years, no significant difference was observed in the global asthma symptom
scores between treatment groups. This study was not included in the evidence grading because
both treatment groups received subcutaneous immunotherapy.

Table 2. Body of evidence for subcutaneous immunotherapy and asthma symptom scores

. Direction .
Study Allergen Comparator Nur_nk_)er of R'S.k of of Directness Magnitude
Participants Bias of Effect
Change
Maestrelli . SCIT . .
2004%° Dust mite Placebo 95 Medium + Direct Moderate
Olsen . SCIT .
1997%° Dust mite Placebo 31 Low + Direct Strong
Pichler, . SCIT . .
1996% Dust mite Placebo 30 Medium - Direct Weak
Wan . SCIT .
2006%6 Dust mite Placebo 132 Low + Direct Moderate
Bousquet . SCIT . .
1988° Dust mite Control (No SIT) 150 Medium + Direct Strong
Kohno SCIT
1998 Dust mite Pharmaco- 16 Medium + Direct Strong
therapy
Pifferi . SCIT . .
20025 Dust mite Pharmaco- 29 Medium + Direct Strong
therapy
Drebor . SCIT .
1986119 Cladosporium Placebo 30 Low + Direct Moderate
Mallin . SCIT . . Could not
1986° Cladosporium Placebo 23 High + Direct determine*
Nouri-Aria . SCIT .
2003101 Timothy Placebo 44 Low + Direct Strong
Hill SCIT . .
19824 Rye Placebo 20 High + Direct Strong
Creticos SCIT . .
1996 Ragweed Placebo 90 Medium + Direct Moderate
Ohman, SCIT . Could not
1984 cat Placebo 7 Low " Direct determine*
Adkinson . SCIT .
1997% Multiple Placebo 121 Low - Direct Moderate
. Multiple (dust | SCIT
Cantani - . . Could not
1997% mlt_e, rye, Pharmaco- 300 High + Direct determine*
parietaria) therapy
Kuna . SCIT . .
2011 112 Alternaria Placebo 50 Medium + Direct Moderate

+ = positive; - = negative; SCIT = subcutaneous immunotherapy SIT = allergen-specific immunotherapy
*Not enough data were provided in the article to calculate the magnitude of effect.

Five asthma studies reported asthma plus rhinoconjunctivitis symptom scores, each using a
different allergen; these included three studies investigating pollen,***%%* one study
investigating Alternaria,®® and one study investigating cat allergen.**® All were small studies
ranging from 24 to 49 participants. Four were placebo-controlled trials with low®™ or moderate
risk of bias.21°*° Three of these demonstrated significant improvement in pooled symptom
scores with subcutaneous immunotherapy when compared directly with placebo.?**>%* One
study demonstrated significant improvement in pre- versus post-treatment symptom scores in the
subcutaneous immunotherapy arm.™° The single study comparing subcutaneous immunotherapy
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to pharmacotherapy demonstrated a significant improvement in combined symptom scores in the
subcutaneous immunotherapy arm when compared with pharmacotherapy; however this study
was graded as having a high risk of bias.*® The immunotherapy group showed improvement
ranging from 21 to 68 percent greater than the comparison group.
These five studies reporting asthma plus rhinoconjunctivitis symptom scores included 175
participants. The overall strength of evidence is moderate to support the use of subcutaneous
immunotherapy to improve combined asthma and rhinoconjunctivitis symptom scores (Table 3).

Table 3. Body of evidence for subcutaneous immunotherapy for asthma plus
rhinitis/rhinoconjunctivitis symptom scores

. Direction .
Study Allergen Comparator Nur_nk_)er of R'S.k of of Directness Magnitude
Participants Bias of Effect
Change
Ariano SCIT
2006% Parietaria | Pharmaco- 30 High + Direct Strong
therapy

Arvidsson . SCIT . . Could not
2002/2004% | Birch Placebo 49 Medium * Direct determine*
Horst . SCIT . Could not
1989% Alternaria Placebo 24 Low + Direct determine*
Nouri-Aria, . SCIT .
2003201 Timothy Placebo 44 Low + Direct Moderate
Yggﬁ% Cat IEI(;IC-I;Ebo 28 Medium + Direct Strong

+ = positive; SCIT = subcutaneous immunotherapy
*Not enough data were provided in the article to calculate the magnitude of effect.

Asthma Medication Use and Asthma Plus Rhinitis/Rhinoconjunctivitis

Medication Use

Asthma medication scores, or asthma plus rhinitis/rhinoconjunctivitis medication scores were
reported in 17 asthma studies.*0:4248:4952.53,56:59,60,65.98 39,6489 10L1IL112 (A pnendix D, Evidence
Tables D7 and D8). The number of participants in each study ranged from 20 to 300. The
duration of assessment ranged from 4 months to 6 years. The majority of the studies used a
single allergen for immunotherapy; dust mite was the most commonly used allergen. Methods of
assessing medication consumption varied across studies. Some studies reported calculated
scores, with different scoring scales across studies. Other measures of asthma medication
consumption include number of days during which medications were used,> proportion of
subjects who did not use bronchodilators,”® comparison of number of subjects who were
improved, unchanged, or deteriorated, ** number of patients taking medications,® amount of
medication used per week,®® and sum of daily medication doses.***

Twelve studies reported medication scores for asthma alone. *0424849,52:5356,59.60.64.65.98 1o
most prevalent single allergen studied was dust mite in six studies.?2***®>%60.% Ejght studies
compared subcutaneous immunotherapy to placebo,*®49:°6:°96064.6598 three stydies compared
subcutaneous immunotherapy to pharmacotherapy,*®*> and one study compared it to a control
group which did not receive immunotherapy.>* Two placebo controlled studies; one of dust mite
allergy® and one of rye pollen allergy*® did not report results of relevant statistical analyses.

Eight studies reported results from direct comparisons between the immunotherapy group
and the comparison group.*0#248:°253566485 ¢ thase 3 reported a significant difference in
medication consumption in favor of the immunotherapy group when compared with

pharmacotherapy®>* or a control group.> The allergens investigated by these studies included
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dust mite in all 3 studies *****3 as well as parietaria and ryegrass pollen in one study.*’ The

remaining 5 studies found no significant difference in medication use between the
immunotherapy group and the comparison groups. This included 4 placebo controlled studies
investigating ragweed,*® dust mite,*® Cladosporium,® and multiple allergens,®® and one study
investigating birch pollen allergy which a comparison group that was treated with nasal
steroids.*> One study demonstrated significant reduction in medication use in both the
immunotherapy and placebo groups after treatment, with no difference between groups.®

Only the results of post-treatment compared with pre-treatment measures were reported by 2
placebo-controlled studies; both studied dust mite immunotherapy and demonstrated significant
improvement in medication consumption only in the immunotherapy groups.>®® These 12
studies reporting asthma medication consumption included 1062 participants. The overall
strength of evidence is high grade that subcutaneous immunotherapy reduces asthma medication
use (Table 4).

Table 4. Body of evidence for subcutaneous immunotherapy affecting asthma medication scores

. Direction .
Study Allergen Comparator N”mt?ef of R'S.k of of Directness Magnitude
Participants Bias of Effect
Change
Maestrelli . SCIT . .
2004 *° Dust mite Placebo 95 Medium + Direct Weak
Olsen . SCIT .
1997%° Dust mite Placebo 31 Low + Direct Moderate
Pichler . SCIT . .
1996% Dust mite Placebo 30 Medium - Direct Moderate
Wang, . SCIT .
2006%6 Dust mite Placebo 132 Low + Direct Strong
Bousquet . SCIT . .
1988° Dust mite Control(No SIT) 150 Medium + Direct Strong
Pifferi . SCIT . .
20025 Dust mite Pharmacotherapy 29 Medium + Direct Strong
Creticos SCIT . .
1996 Ragweed Placebo 90 Medium + Direct Weak
Hill SCIT . .
19824 Rye grass Placebo 20 High + Direct Moderate
Rak
2001/ Birch SCIT 41 Medium NR Direct Could not
2005% Pharmacotherapy determine
Mallin . SCIT . . Could not
1986° Cladosporium Placebo 23 High NR Direct determine*
Adkinson . SCIT .
1997 Multiple Placebo 121 Low + Direct Weak
Multiple
Cantani (dust mite, . . Could not
1997%° Parietaria, rye | SCIT 300 High * Direct determine*
grass) Pharmacotherapy

+ = positive; NR = not reported; SCIT = subcutaneous immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Five studies reported asthma plus rhinoconjunctivitis medication scores, each investigating a
different allergen; these included three studies that investigated pollen immunotherapy*®*** and
two studies investigated mold immunotherapy.*****? Studies ranged from 30 to 50 participants.
The single study which compared immunotherapy with pharmacotherapy had a high risk of
bias.*® All five studies demonstrated a significant reduction in asthma and rhinoconjunctivitis
medication consumption in the immunotherapy group when compared with the comparison
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groups. The immunotherapy group experienced a 14 to 83 percent greater reduction in combined
asthma and rhinoconjunctivitis medication consumption than the comparison group. These five
studies reporting combined asthma plus rhinoconjunctivitis medication scores included 203
participants. The overall strength of evidence is high that subcutaneous immunotherapy reduces
asthma and rhinoconjunctivitis medication consumption (Table 5).

Table 5. Body of evidence for subcutaneous immunotherapy affecting asthma plus
rhinitis/rhinoconjunctivitis medication scores

. Direction .
Study Allergen Comparator N”mt?ef of R'S.k of of Directness Magnitude
Participants Bias of Effect
Change
Ariano S SCIT . .
2006%° Parietaria Pharmaco- 30 High + Direct Strong
therapy

Arvidsson SCIT Could not
2002/ Birch 49 Medium + Direct .
2004%° Placebo determine*
Nouri-Aria ' SCIT .
2003101 Timothy Placebo 44 Low + Direct Strong
Drebor . SCIT .
1986119 Cladosporium Placebo 30 Low + Direct Weak
Kuna . SCIT . .
2011112 Alternaria Placebo 50 Medium + Direct Strong

+ = positive; SCIT = subcutaneous immunotherapy
*Not enough data were provided in the article to calculate the magnitude of effect.

Combined Asthma Symptom and Medication Scores

In contrast to the larger number of studies reporting individual symptom scores or medication
scores, only six asthma studies reported combined asthma symptom-medication
scores*°06492109.112 (Apnendix D, Evidence Tables D7 and D8). The number of participants in
each study ranged from 23 to 50. The duration of assessment ranged from 5 months to 3 years.
Five were placebo-controlled studies, and all five studies demonstrated significant improvement
in the immunotherapy group compared with placebo® %9102 These included two studies of
Alternaria, one with low risk of bias® and the other with moderate risk of bias'*?; one study of
cat allergen with moderate risk of bias;'* and studies of Cladosporium® and dust mite allergen®
with high risk of bias. One study, with high risk of bias, compared subcutaneous immunotherapy
with dust mites to pharmacotherapy.** After a seven-month treatment, there was more reduction
of the symptom-medication scores in the immunotherapy group than the pharmacotherapy group;
however, this difference was not statistically significant.** Fifty percent of the studies did not
report the magnitude of effect.

Overall, these six studies reporting asthma symptom-medication scores included 196
participants. The strength of evidence is low to support that subcutaneous immunotherapy
improves asthma symptom-medication scores (Table 6).

Akmanlar et al. compared rush immunotherapy with conventional immunotherapy. They
observed a significant reduction in symptom-medication scores in both study groups after 3 years
of immunotherapy, but there was no significant difference in scores between the two groups.®’
This study was not included for grading the evidence because both treatment groups received
immunotherapy.
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Table 6. Body of evidence for subcutaneous immunotherapy affecting combined asthma
symptom-medication scores

. Direction .
Study Allergen Comparator N“mt.’er of ngk of of Directness Magnitude
Participants Bias of Effect
Change
Altintas SCIT-Adsorbed Al
1999 | Dust mite SCIT-Adsorbed Ca 35 High + Direct Strong
o SCIT-aqueous
Placebo
Garcia- sCIT
Ortega Dust mite h 36 High + Direct Strong
1993 Pharmacotherapy
Horst . SCIT . Could not
1989% Alternaria Placebo 24 Low + Direct determine*
Kuna . SCIT Mediu .
2011112 Alternaria Placebo 50 m + Direct Strong
Alvarez- .
Cuesta Cat SCIT 28 Mediu + Direct Could not*
1994109 Placebo m determine
Mallin . SCIT . . Could not
1986° Cladosporium Placebo 23 High + Direct determine*

+ = positive; Al = Aluminum; Ca = Calcium; SCIT = subcutaneous immunotherapy

*Not enough data were provided in the article to calculate the magnitude of effect.

“Altintas: 3 subcutaneous immunotherapy groups were treated with different types of extract (aluminum adsorbed, calcium
adsorbed, and aqueous extracts). All subcutaneous immunotherapy groups demonstrated significant improvement over placebo.
There was no significant difference when active subcutaneous immunotherapy groups were compared with each other. The group
that received aluminum adsorbed extract demonstrated the greatest improvement in symptom-medication scores. For evidence
grading, we used only the relevant comparison, i.e. subcutaneous immunotherapy versus placebo. When each subcutaneous
immunotherapy arm was compared against placebo, there was a strong positive effect in favor of subcutaneous immunotherapy.

Pulmonary Function Testing

Thirteen asthma studies, including 1,024 participants, reported changes in pulmonary
function test results; these included peak expiratory flow (PEF) or peak flow in 12
studies,34248:2658.59.61.65899L 110111 £5cad expiratory volume 1 (FEV1) in 2 studies,”**® and
forced vital capacity (FVC) in 1 study®® (Appendix D, Evidence Table D10). Risk of bias was
low for 2 studies®*** and medium for 11 studies.34248°2°6.58.39.6189.9L110 gy, qy duration ranged
from 3 months to 3 years.

Nine studies (82%) compared subcutaneous immunotherapy to placebo.
Only one, with a moderate risk of bias, demonstrated a statistically significant improvement in
mean daily PEF in the immunotherapy group compared with the placebo group; the magnitude of
this effect was small.*® Another placebo-controlled trial with low risk of bias demonstrated a
small treatment effect in favor of immunotherapy (with a mean difference of 3.8% points in the
predicted value of PEF), and this approached statistical significance.® Three placebo controlled
trials demonstrated significant improvement in PEF in the immunotherapy group comparing the
post-treatment to pre-treatment measures.’****'% However, two of these also demonstrated
significant improvement in the placebo group after treatment.®*'° One study compared
subcutaneous immunotherapy to bronchodilators;® treatment significantly improved PEF only in
the immunotherapy group. Another study comparing subcutaneous immunotherapy to nasal
steroids found no difference between the two groups after six weeks of treatment.*? Tabar et al.
compared pre- and post-immunotherapy data for a group using a cluster schedule to a group
using a conventional schedule; both groups demonstrated significant reduction in PEF variability
after one year of immunotherapy.®

48,56,61,65,89,91,110,111
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Among the studies that evaluated FEV; and or FVC, one trial which compared subcutaneous
immunotherapy with a control group that did not receive immunotherapy, observed that
immunotherapy produced a 20 percent increase in FEV1 when compared with the control
group.>® The other study found no significant change in FEV1 or FVC in either the
immunotherapy or placebo group after treatment.>® As described in the methods, we did not
grade the strength of evidence for pulmonary function test results because it is an indirect
outcome measure.

Bronchial Reactivity

Twenty-five asthma studies (76%) evaluated bronchial airway reactivity. Bronchial reactivity
was evaluated by two methods: specific allergen bronchial provocation tests and nonspecific
chemical bronchial provocation. The majority of the studies that performed nonspecific chemical
bronchial provocation tests used methacholine and/or histamine, with the exception of one study
which also used adenosine 5’-monophosphate (AMP)* (Appendix D, Evidence Table D11).

Specific allergen bronchoprovocation tests were reported in 17 studies, which included 514
participants. Of 15 studies that reported pre- versus post-treatment differences, 11 studies (73%)
demonstrated significant decreases in bronchial sensitivity in favor of subcutaneous
immunotherapy.*+48°0.51.6062.89.91.100 109,111 £ trjals showed no statistically significant
difference between the immunotherapy group and the comparison group.®*®*%%7 Two studies
reported only the pre- and post-treatment comparison.>>>® Kohno et al. demonstrated a
signifiggmt decrease in bronchial sensitivity in the immunotherapy group and not the comparison
group.

Nonspecific chemical bronchoprovocation tests were reported in 16 studies, which included
750 participants.*1#%°354:°6:58.59.61,62,65.89,94,98,100.101.109 e sty dy did not report relevant statistical
comparisons.®® Of 11 studies that reported comparisons with the comparison
group, *1:42°35456,62:65.94.98.100101 51y tyy0 demonstrated a significant decrease in bronchial
sensitivity in favor of subcutaneous immunotherapy.®**** Nine studies found no significant
difference between the immunotherapy group and the comparison group. *+#2°4°6:6265,94.98.100 |
the study by Hedlin et al, both groups were treated with some form of immunotherapy.*®

Four studies reported only pre- versus post-treatment comparisons.’®*%®*1% Only one of
these studies demonstrated a significant improvement in bronchial sensitivity in the
immunotherapy group after treatment; there was no significant change in the comparison group
(which received bronchodilators).”® We did not grade the strength of evidence for bronchial
reactivity because it is an indirect outcome measure.

Summary of Evidence

Table 7 summarizes the studies and the strength of evidence for subcutaneous
immunotherapy and asthma outcomes.
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Table 7. Key Question 1: Summary of studies and strength of evidence for subcutaneous immunotherapy and asthma outcomes

Number of Strenath
Studies/ Risk of Direction of . . Magnitude . 9
Outcome ; Consistency Directness Studies of
Number of Bias change of Effect .
o Evidence
Participants
3 high 6 strong
Asthma Symptoms 16/1178 7 medium 14 posmve Consistent Direct 6 moderate 2 studies with Iow.RofB High
2 negative 1 weak AND strong magnitude
6 low
3 CND
Asthma plus Rhinitis/ 1 high 2 strong ;nséugzxigtsvésoriﬁude
Rhinoconjunctivitis 5/175 2 medium 5 positive Consistent Direct 1 moderate - nag Moderate
and 1 with medium RofB
Symptom Scores 2 low 2 CND .
and strong magnitude
. o 3 strong . .
L 3 high 9 positive 3 studies with low RofB,
Asthma Medication 12 /1062 6 medium 1 negative Consistent Direct 3 moderate 1 of which has strong High
Scores 3 low 2NR 3 weak magnitude
3 CND
Asthma plus Rhinitis/ 1 high 3 strong 2 studies with low RofB,
Rhinoconjunctivitis 5/203 2 medium 5 positive Consistent Direct 1 weak 1 of which has strong High
Medication Scores 2 low 1 CND magnitude
1 study with medium
RofB AND strong
magnitude
Asthma or Asthma 3 high 2 studies with high RofB
plus Rhinitis . 5 positive . . 3 strong AND strong magnitude
Combined Symptom- 67196 i lrg\(;zvdlum 1NR Consistent Direct 3 CND 3 studies with insufficient Low

Medication Scores

data regarding
magnitude of effect
and/or direction of
change

CND = could not determine; NR = not reported; RofB = risk of bias
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Evidence for the Efficacy and Effectiveness of Subcutaneous
Immunotherapy in the Treatment of Rhinitis and Rhinoconjunctivitis
In this section we report findings from the 74 references that investigated the safety and
efficacy of subcutaneous immunotherapy in the treatment of rhinitis and rhinoconjunctivitis.

Figure 10 shows the distribution of allergens in the studies included.

Figure 10. Subcutaneous immunotherapy studies by type of allergen in rhinitis/rhinoconjunctivitis
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Key Points
Relative to a control group:

High grade evidence supports that subcutaneous immunotherapy improves
rhinitis/rhinoconjunctivitis symptoms, based on 26 randomized controlled trials with
1764 subjects.

High grade evidence supports that subcutaneous immunotherapy improves conjunctivitis
symptoms, based on 14 randomized controlled trials with 1104 subjects.

High grade evidence supports that subcutaneous immunotherapy improves control of
combined nasal, ocular, and bronchial symptoms, based on six randomized controlled
trials with 591 subjects.

Moderate grade evidence supports that subcutaneous immunotherapy decreases
rhinitis/rhinoconjunctivitis medication use, based on ten randomized controlled trials with
564 subjects

High grade evidence supports that subcutaneous immunotherapy decreases combined
medication use (rhinitis/rhinoconjunctivitis plus asthma medication use), based on 11
randomized controlled trials with 768 subjects.

Low grade evidence supports that subcutaneous immunotherapy improves
rhinitis/rhinoconjunctivitis (with or without asthma) combined symptom-medication
scores, based on six randomized controlled trials with 400 subjects.
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e High grade evidence supports that subcutaneous immunotherapy improves disease-
specific quality of life, based on six randomized controlled trials with 889 subjects.

Rhinitis/Rhinoconjunctivitis Symptoms

Rhinitis/rhinoconjunctivitis symptom scores were reported in 30 studies.
32,37,42,48,61,66,69,70,72,73,75-77,81-86,96,98,99,101-103,106,108,111-113

Rhinitis/rhinoconjunctivitis symptom scores were included from studies that enrolled patients
with rhinitis/rhinoconjunctivitis with or without asthma. Thirteen studies exclusively examined
patients with a primary diagnosis of rhinitis/rhinoconjunctivitis.3":66:6%.70.72.73.75.76.81-84.86 iy
studies examined patients with rhinitis/rhinoconjunctivitis and asthma, although the studies did
not meet criteria for inclusion with the asthma studies,’"%1%21%1% findings from these studies
are reported in this section. An additional six studies that met our criteria for inclusion with the
asthma studies enrolled patients with asthma and rhinitis/rhinoconjunctivitis. #2.9104111.112
Combined outcome data from these latter six studies were previously reported with other asthma
studies. Lastly, two studies of patients with asthma also described their
rhinitis/rhinoconjunctivitis symptom scores*®®* (Appendix D, Evidence Table D12). Four
included studies were not graded because all study groups received immunotherapy. 328103113

Four studies reported combined nasal and ocular symptoms.’®#21%114 while two studies
reported unspecified nasal symptom scores®®*® The scales used to report nasal and ocular
symptoms varied across studies. Two studies used visual analog scores,®***? one examined the
time to increase in nasal symptoms after allergen exposure,® while the remainder used numeric
systems to score the severity and presence or absence of nasal or nasal and ocular symptoms.
The number of participants in each study ranged from 17 to 410 and the duration of follow-up
ranged from 1 month to 3 years, with the majority of studies reporting symptoms at 12 months.
While one study compared a group receiving subcutaneous immunotherapy to a group of patients
receiving nasal steroids,* the remainder used a placebo control group.

Nineteen studies (73%) reporting rhinitis/rhinoconjunctivitis symptom scores demonstrated
statistically significant improvement in rhinitis/rhinoconjunctivitis symptoms with subcutaneous
immunotherapy. Eighteen of these studies compared subcutaneous immunotherapy with placebo
while one compared subcutaneous immunotherapy with patients receiving only nasal steroids.*
One of the studies®* showed a difference only with the high dose of immunotherapy, while at the
lowest dose it showed no statistical difference when compared with placebo. The remaining six
studies did not show significant improvement in symptoms relative to placebo treated
SUbjeCtS.61'7O'72'83'102'114

Majority of the studies used a single allergen for immunotherapy. The most common single
allergens used in the rhinitis/rhinoconjunctivitis scores were Timothy grass in four
studies,”®""1% and dust mite allergens in four studies.’>"3%% Of these studies, three (75%)
evaluating Timothy Grass’”**** and two (50%) evaluating dust mites®**® demonstrated
significant improvement in rhinitis/rhinoconjunctivitis symptom control.

Overall, 25 RCTs reported rhinitis/rhinoconjunctivitis symptom scores in 1734 participants.
The overall strength of evidence is high to support that subcutaneous immunotherapy improves
rhinitis/rhinoconjunctivitis symptoms (Table 8).
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Table 8. Body of evidence for subcutaneous immunotherapy affecting rhinitis/rhinoconjunctivitis
symptom scores

. Direction .
Study Allergen Comparator Numper of ngk of of Directness Magnitude
Participants Bias of Effect
Change
Nouri-Aria ) SCIT .
200310t Timothy Placebo 44 Low + Direct Moderate
Varne ) SCIT . .
19917}, Timothy Placebo 40 Medium + Direct Strong
Frew SCIT high
2006 Timothy SCIT low 410 Low + Direct Moderate
Placebo
SCIT continuous
Durham . . . . .
19997 Timothy SCIT discontinuous 32 High + Direct Strong
No treatment
Pichler . SCIT . .
1996% Dust mites Placebo 30 Medium + Direct Strong
Varne . SCIT .
200393/ Dust mites Placebo 36 Low + Direct Strong
Junqueira scIT
de Queiros | Dust mite 50 Medium + Direct Weak
200872 Placebo
SCIT- purified
1M£;:9I—(|)l¢gh Dust mite SCIT- crude 80 Medium + Direct Strong
Placebo
Bernstein Short SCIT . .
19767 ragweed Placebo 148 High + Direct Moderate
Creticos Short SCIT . .
1996 ragweed Placebo 90 Medium + Direct Moderate
Mirone Short SCIT .
2004192 ragweed Placebo 32 Low + Direct Strong
Crimi S SCIT .
20047 Parietaria Placebo 30 Low + Direct Strong
Polosa . . SCIT .
2004%° Parietaria Placebo 30 Low + Direct Strong
Leynadier . SCIT . .
2000% Grass mix Placebo 29 Medium + Direct Weak
Zenner. . SCIT . .
1996% Grass mix Placebo 86 Medium + Direct Moderate
Rak . SCIT . .
200142 Birch Nasal steroid 41 Medium - Direct Weak
Tabar . SCIT .
2007% Alternaria Placebo 28 Low - Direct Weak
Kuna . SCIT . .
2011112 Alternaria Placebo 50 Medium + Direct Strong
Ohman SCIT . . Could not
198461 Cat Placebo 17 Medium NR Direct determine*
M(‘jllesr4
2902 G.raSS/ SCIT 205 Medium + Direct Moderate
Niggeman Birch Placebo
2006™°
Ariano Cypress/ SCIT . .
1997%° Cedar Placebo 20 Medium + Direct Strong
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Table 8. Body of evidence for subcutaneous immunotherapy affecting rhinitis/rhinoconjunctivitis
symptom scores

Number of Risk of Direction . Magnitude
Study Allergen Comparator Participants Bias of Change Directness of Effect
. SCIT
Klimek Grass/ . .
1999% Tree mix Pharmaco- 48 Medium + Direct Strong
therapy
Timothy
Dolz ' SCIT . .
1996108 Orchard, Placebo 28 Medium + Direct Strong
Ryegrass
Bousquet Orchard, Iil(zllc-lt-aggasrsass
ﬂ)e Olive, ar 70 Medium + Direct Strong
1991 Parietari SCIT multiple
arietaria .
Placebo multiple
SCIT- purified
Frostad Timothy/ SCIT- crude . .
1983%2 Grass mix | SCIT mix 60 Medium + Direct Strong
Placebo

+ = positive; - = negative; NR = not reported; SCIT = subcutaneous immunotherapy
*Not enough data were provided in the article to calculate the magnitude of effect.

Conjunctivitis Symptoms

Fifteen subcutaneous immunotherapy studies reported conjunctivitis symptom scores
(Appendix D, Evidence Table D13). The comparator in all studies reporting conjunctivitis scores
was placebo, except for one study that was not included in grading because all study groups
received immunotherapy.’® Most studies used numeric scales to quantify symptoms, except for
one study,®* which evaluated the time to see an increase in ocular symptoms upon exposure to
cat allergen, and two other studies, which used a visual analog score.***?

Studies that used numeric scales were inconsistent across studies. The duration of assessment
varied from 10 weeks to 5 years.

Six studies demonstrated significant improvement in conjunctivitis symptom scores when
compared with placebo.’” 10112818488 Tha remaining studies did not show significant
improvement in conjunctivitis symptom scores. Again the most commonly evaluated allergen
was Timothy Grass, and three out of five studies (60%) showed significant improvement in
conjunctivitis symptoms.

Fourteen subcutaneous immunotherapy trials reported conjunctivitis scores and included
1104 subjects. The majority of the studies used a single allergen for immunotherapy. The overall
strength of evidence is high to support that subcutaneous immunotherapy improves allergic
conjunctivitis symptoms (Table 9).
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Table 9. Body of evidence for subcutaneous immunotherapy affecting conjunctivitis symptoms
. Direction .
Study Allergen Comparators Numper of R'S‘.k of of Directness Magnitude
Participants Bias of Effect
Change
Varne . SCIT . .
199179/ Timothy Placebo 40 Medium + Direct Strong
Nouri-Aria ' SCIT .
2003101 Timothy Placebo 44 Low + Direct Strong
Frew SCIT high
20068 Timothy SCIT low 410 Low + Direct Moderate
Placebo
Durham SCIT continuous
19997 Timothy SCIT discontinuous 32 High + Direct Strong
No treatment
Leynadier . SCIT . .
2000% Grass Mix Placebo 29 Medium + Direct Weak
Zenner. . SCIT . .
1996% Grass Mix Placebo 86 Medium + Direct Weak
Tabar . SCIT .
2007% Alternaria Placebo 28 Low - Direct Weak
Kuna . SCIT . .
2011112 Alternaria Placebo 50 Medium + Direct Strong
Drebor . SCIT .
1986119 Cladosporium Placebo 30 Low + Direct Moderate
Ferrer . . SCIT . .
200528 Parietaria Placebo 57 Medium + Direct Moderate
Ohman SCIT . .
198461 Cats Placebo 17 Medium + Direct Moderate
Klimek Grass/ Tree SCIT . .
1999% mix Pharmacotherapy 48 Medium + Direct Strong
Mt‘)llesr4
2(.)02 Grass/ Birch SCIT 205 Medium + Direct Moderate
Niggeman Placebo
2006
Timothy
Dolz ’ SCIT . .
1996108 Orchard, Placebo 28 Medium + Direct Strong
Ryegrass

+ = positive; - = negative; SCIT = subcutaneous immunotherapy

Control of Combined Symptom Scores (Nasal, Ocular, and Bronchial)

Eight rhinitis/rhinoconjunctivitis studies reported combined scores including nasal, ocular,
and bronchial symptom scores (Appendix D, Evidence Table D12). Study size ranged from 28 to
410 subjects. Although many of these patients did not have an objective diagnosis of asthma,
they did have bronchial symptoms at baseline. Combined symptom scores from primary asthma
studies that met our criteria are reported in the subcutaneous immunotherapy asthma section. The
total symptom scores used numeric scales that were not validated and varied between studies. All
graded studies compared subcutaneous immunotherapy with placebo. Two studies were not
graded because all study groups received immunotherapy.®%

Three studies showed significant improvement in combined symptom scores for nasal,
ocular, and bronchial symptoms when compared with placebo,®***% and one in the comparison
of post-treatment symptoms to pre-treatment symptoms.”

Six trials reported symptoms in 591 individuals. The strength of evidence is high to support
that subcutaneous immunotherapy improves combined (nasal, ocular, bronchial) symptoms
scores (Table 10).
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Table 10. Body of evidence for subcutaneous immunotherapy affecting bronchial, nasal and
ocular combined symptoms scores

Number of Risk of Direction . Magnitude
Study Allergen Comparator Participants Bias of Change Directness of Effect
Weyer . SCIT . .
19811% Grass mix Placebo 33 High + Direct Moderate
Walker . SCIT .
2001"° Grass mix Placebo 44 Low + Direct Strong
Frew SCIT high
20065 Timothy SCIT low 410 Low + Direct Moderate
Placebo

Pence Mountain SCIT . .
19751 cedar Placebo 40 Medium + Direct Strong
Tabar . SCIT .
2007% Alternaria Placebo 28 Low - Direct Weak
Varne . SCIT .
200393/ Dust mites Placebo 36 Low + Direct Strong

+ = positive; - = negative; SCIT = subcutaneous immunotherapy

Medication Scores (Including Combined Medication Scores)

Rhinitis/rhinoconjunctivitis medication scores were reported in 13 of the subcutaneous
immunotherapy studies as were combined medication scores (including
rhinitis/rhinoconjunctivitis and asthma medications) (Appendix D, Evidence Tables D15 and
D16). Three of the included studies were not graded since because all study groups received
immunotherapy. 782 The 10 graded studies used some type of numeric scoring scale for
medication use, but these were inconsistent across studies. The duration of assessment of
medication use ranged from 3 months to 3 years. Studies that reported only on
rhinitis/rhinoconjunctivitis medications included oral antihistamines and intranasal
corticosteroids, while those trials that described combined medication scores, included those
used by patients with asthma and rhinitis/rhinoconjunctivitis, including inhaled beta agonists and
oral corticosteroids.

Seven trials (70%) reporting rhinitis/rhinoconjunctivitis medication scores demonstrated
significant improvement with subcutaneous immunotherapy.®”"737¢.77828388 | sjx of these, the
comparator group was placebo; one study compared treatment with immunotherapy with
pharmacotherapy treatment.®’ Of the two Timothy Grass allergen studies that reported
medication scores,”®”” only one study showed improvement with immunotherapy.’” Similarly, of
the three dust mite allergen trials,”>"**!® two demonstrated significant improvement with
subcutaneous immunotherapy compared with placebo.”®***

Ten RCTs reported medication scores in 564 participants. The overall strength of evidence is
moderate to support that subcutaneous immunotherapy decreases medication use for
rhinitis/rhinoconjunctivitis (Table 11).
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Table 11. Body of evidence for subcutaneous immunotherapy affecting medication use
(rhinitis/rhinoconjunctivitis medications)

Number of Risk of Direction Magnitude
Study Allergen Comparator Participant ; of Directness g
Bias of Effect
S Change
Junqueira scIT
de Queiros | Dust mite 50 Medium + Direct Moderate
72 Placebo
2008
SCIT- purified
MCH‘%?“ Dust mite SCIT- crude 80 Medium + Direct Strong
1990
Placebo
Varne . SCIT . .
199179/ Timothy Placebo 40 Medium + Direct Strong
Durham SCIT continuous
70 Timothy SCITdiscontinuous 32 High + Direct Strong
1999
No treatment
Bernstein Short SCIT . .
19767 ragweed Placebo 148 High + Direct Moderate
Ferrer Parietaria SCIT 57 Medium + Direct Stron
2005% Placebo 9
Leynadier . SCIT . .
2000% Grass Mix Placebo 29 Medium + Direct Strong
Ariano Cypress/ SCIT . .
1997%° Cedar Placebo 20 Medium + Direct Weak
Klimek Grass/ SCIT . .
1999% Tree Mix Pharmacotherapy 48 Medium * Direct Strong
SCIT- purified
Frostad Timothy/ SCIT- crude . .
1983%2 Grass Mix SCIT mix 60 Medium + Direct Strong
Placebo

+ = positive; - = negative; SCIT = subcutaneous immunotherapy

Twelve studies reported pooled asthma and rhinitis/rhinoconjunctivitis medication scores.
Eleven studies were graded excluding one study where all arms received immunotherapy®

Among the graded studies that reported pooled asthma and rhinitis/rhinoconjunctivitis
medication scores, ten of the eleven studies demonstrated significant improvement from
subcutaneous immunotherapy when compared with placebo or when comparing medication use
after treatment to a pre-treatment period®®">"79.81.88:96.102105108 (A nnendix D, Evidence Table
D17). Three Parietaria studies reported significant improvement in combined medication scores
when compared with placebo.?®">% Two Timothy Grass studies also reported significant
improvement in combined medication scores when compared with placebo.””®

Thus, eleven trials reported medication scores in 768 participants. The strength of evidence is
high to support that subcutaneous immunotherapy decreases combined medication use (Table
12).
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Table 12. Body of evidence for subcutaneous immunotherapy affecting asthma and
rhinitis/rhinoconjunctivitis medication use

Number of Risk of Direction . Magnitude
Study Allergen Comparators Participants Bias of Change Directness of Effect
Crimi L SCIT .
20047 Parietaria Placebo 30 Low + Direct Strong
Polosa S SCIT .
2004 Parietaria Placebo 30 Low + Direct Strong
Ferrer . . SCIT . .
200528 Parietaria Placebo 57 Medium + Direct Strong
Mirone SCIT .
2004102 Ragweed Placebo 32 Low + Direct Strong
Varne . SCIT . .
199179/ Timothy Placebo 40 Medium + Direct Strong
Frew SCIT high
2006 Timothy SCIT low 410 Low + Direct Moderate
Placebo
Weyer . SCIT . .
1981 108 Grass mix Placebo 33 High + Direct Strong
Varne . SCIT .
200393/ Dust mite Placebo 36 Low + Direct Weak
Tabar . SCIT .
2007% Alternaria Placebo 28 Low - Direct Strong
Timothy
Dolz ’ SCIT . .
1996108 Orchard, Placebo 28 Medium + Direct Strong
Ryegrass
Walker . SCIT .
20017° Grass mix Placebo 44 Low + Direct Strong

+ = positive; - = negative; SCIT = subcutaneous immunotherapy.

Combined Symptom-Medication Scores

Twelve studies reported combined rhinitis/rhinoconjunctivitis symptoms plus medication
scores. The six studies where all study groups received immunotherapy were not
graded. 3238717893103 AJ| of the studies used some type of numeric scoring scale for the
combination score, but these were inconsistent across studies. The duration of assessment of
medication use ranged from one pollen season up to 3 years (Appendix D, Evidence Table D17).

In five studies, nasal, ocular, and bronchial symptoms were scored in addition to medication
use, specifically beta agonist, oral and nasal steroid, and antihistamine use.?%%:10>107.112 g}y,
nasal and ocular symptoms were reported along with nasal corticosteroids and antihistamines in
one study.®’

Five of the six studies that reported a combination symptom plus medication score
demonstrated significant improvement with subcutaneous immunotherapy. The remainder of
studies compared subcutaneous immunotherapy with placebo.

Six trials reported combined symptom plus medication scores in 400 participants. The overall
strength of evidence is low to support that subcutaneous immunotherapy improves combination
symptoms plus medication scores (Table 13).
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Table 13. Body of evidence for subcutaneous immunotherapy affecting combined rhinitis (with or
without asthma) symptom-medication scores

Number of Risk of Direction . Magnitude

Study Allergen Comparator Participants Bias of Change Directness of Effect
Van Metre SCIT . .
1980%" Ragweed Placebo 39 Medium + Direct Moderate
Van Metre SCIT . . Could not
1981% Ragweed | |2 ceho 44 High i Direct determine*
Weyer . SCIT . .
198118 Grass mix Placebo 33 High + Direct Strong
Shamii SCIT 100,000
2012 U Grass mix | SCIT 10,000 221 Medium + Direct Moderate

Placebo

Tabar . SCIT .
2007% Alternaria Placebo 28 Low - Direct Weak
Chakraborty SCIT . .
20067 Date trees Placebo 35 Medium + Direct Strong

+ = positive; - = negative; SCIT = subcutaneous immunotherapy
*Not enough data were provided in the article to calculate the magnitude of effect.

Quiality of Life

Quality of life was reported in eight placebo-controlled trials.

40,79,81,88,96,112,113 The

instruments used to assess quality of life were validated, disease-specific instruments: the
Rhinoconjunctivitis Quality of Life questionnaire (RQLQ, Adult, Pediatric, Adolescent, and
Japanese language version) and/or the Short Form 36 questionnaire (SF-36) (Appendix D,
Evidence Table D18).
Four of the six studies reported significant improvement in disease-specific quality of life

when compared with placebo.”*#%2 The other two studies found no overall improvement.

40,88

Six studies with 889 subjects included quality of life outcomes. Two studies were not graded
because all study groups received immunotherapy. **** The evidence is high to support that
subcutaneous immunotherapy improves disease-specific quality of life among individuals with
rhinitis/rhinoconjunctivitis (Table 14).

Table 14. Body of evidence for rhinitis/rhinoconjunctivitis (with or without asthma) quality-of-life
scores after subcutaneous immunotherapy rhinitis

. Direction .
Study Allergen Comparator Numper of R'S‘.k of of Directness Magnitude
Participants Bias of Effect
Change
;-88?56 Alternaria glggabo 28 Low + Direct Strong
gg?fnz Alternaria gI(;IcTebo 50 Medium + Direct Strong
Frew SCIT high
20068 Timothy SCIT low 410 Low + Direct Strong
Placebo

gggggs Parietaria glggabo 57 Medium + Direct d%ct);!g]ir;]c:*
Cantani Dust Mites, SCIT . . Could not
1997*° | Grass, Weeds | Pharmacotherapy 300 High " Direct determine*
\2/\(/)2(1)Ili7egr Grass Mix ﬁlilgebo 44 Low + Direct Strong

+ = positive; SCIT = subcutaneous immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.
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Nasal and Ocular Allergen Challenge (Provocation)

Seventeen subcutaneous immunotherapy studies challenged subjects to specific allergens in
order to quantify nasal and ocular symptoms (Appendix D, Evidence Table D19). Seven studies
used nasal provocation,>*%9738395.106.112 Tan oty djes used conjunctival provocation
tests;®%8>87:899098.109-LILLIS £ 10 of these studies, both treatment groups received SCIT .28
Four of the seven nasal challenge studies (57%) reported significant improvement in symptoms
after subcutaneous immunotherapy compared with placebo or when comparing post-treatment to
pre-treatment response.’®%>1%12 Sjx of the conjunctival provocation studies (60%) demonstrated
significant improvement in symptoms after subcutaneous immunotherapy compared with
placebo or with comparison of post-treatment to pre-treatment response,°90:%6109.110.115

Secondary Outcomes

Few studies evaluated secondary outcomes such as biomarkers or asthma prevention. There
is insufficient data about the effect of subcutaneous immunotherapy on these secondary
outcomes. (Appendix D, Evidence Tables D20 and D21).

Summary of Evidence

Table 15 summarizes the studies and the strength of evidence for subcutaneous
immunotherapy and rhinitis/rhinoconjunctivitis outcomes.
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Table 15. Key Question 1: Summary of studies and strength of evidence for subcutaneous immunotherapy and
rhinitis/rhinoconjunctivitis outcomes

Number of
Outcome Studies/ Risk of Bias Direction of Consistency Directness Magnitude of Studies Stre_ngth of
Number of change Effect Evidence
Participants
Rhinitis/Rhino- 2 high 23 positive €1S4msct):joer:'gte 5 studies with low
conjunctivitis 26/1764 16 medium 2 negative Consistent Direct 5 weak RofB AND 4 of these High
Symptoms 8 low 1NR 1 CND with strong magnitude
4 studies with low
. o 1 high i, 7 strong R.OfB AND 1 of thgse
Conjunctivitis 14 /1104 9 medium 13 p05|t.|ve Consistent Direct 4 moderate with st.rong .magnltlljde High
Symptoms 1 negative 4 studies with medium
4 low 3 weak
RofB AND strong
magnitude
gonr:]btlgﬁqucore 1 high 5 positive 3 strong 4 studies with low
ymptor 6/591 1 medium P X Consistent Direct 2 moderate RofB AND 2 of these High
(Bronchial, 1 negative . .
4 low 1 weak with strong magnitude
Nasal, Ocular)
Rhinitis/Rhino- 2 hiah 7 strong 8 studies with medium
conjunctivitis 10 /564 gn 10 positive Consistent Direct 2 moderate RofB AND 6 of these Moderate
o 8 medium . .
Medication Use 1 weak with strong magnitude
Asthma plus , 9 strong o
Rhinitis/Rhino- 1 high 10 positive . . 1 moderate 7 studies with low .
. A 11/768 3 medium . Consistent Direct 1 K RofB AND 4 of these High
conjunctivitis 1 negative wea ) .
o 7 low with strong magnitude
Medication Use
3 positive studies with
medium RofB AND
Combined only 1 has strong
Rhinitis (with or 2 high 2 strong magnitude
without asthma) gn 4 positive . . 2 moderate 2 studies with medium
6 /400 3 medium . Consistent Direct Low
Symptom- 1 low 2 negative 1 weak RofB AND moderate
Medication 1CND magnitude
Scores 1 negative study with
low RofB AND weak
magnitude
Rhinitis/Rhino- 1 high 4 stron 3 studies with low
conjunctivitis 6 /889 2 medium 6 positive Consistent Direct 9 RofB AND strong High
. - 2 CND .
Quality of Life 3 low magnitude

CND = could not determine; RofB = risk of bias
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Key Question 2. What is the evidence for the safety of subcutaneous
iImmunotherapy in patients with rhinitis/rhinoconjunctivitis and/or asthma?

Key Points
e Lack of a consistent reporting system and grading system for subcutaneous
immunotherapy precluded pooling safety data across studies.
e Local reactions (occurring at the site of allergen administration) were most common but
mild.
e Systemic reactions occurred less frequently. Of these, respiratory reactions were the most
common and gastrointestinal symptoms were least frequent.
e Thirteen anaphylactic reactions were reported in four trials.
e No deaths were reported.
Figure 11 shows the distribution of adverse events by location and severity. The graph shows
only adverse events reported in the Immunotherapy arms.

Figure 11. Subcutaneous immunotherapy safety data by location and severity
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Safety data reported in this systematic review includes only the randomized control trials that
met the criteria for inclusion in the review. Not all studies reported safety data, and the lack of a
consistent reporting system and grading system for the adverse outcomes made it impossible to
pool safety data across studies.

Forty-five studies of subcutaneous immunotherapy reported safety data.
64,67,68,70-74,76,77,81,83,86,88,89,91,92,94-97,99-101,103,106-113 In this body of evidence, local reactions, reported

in five percent to 58 percent of patients and 0.6 percent to 54 percent of injections, were more

37,38,40,41,48,50,51,57,58,61-
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common than systemic reactions. Most local reactions were mild. The most common systemic
reactions were respiratory reactions, occurring in up to 46 percent of patients and up to 15
percent of injections. General symptoms (such as headache, fatigue, arthritis, anxiety) also
occurred frequently and were reported to affect up to 44 percent of patients. Majority of the
systemic reactions were either mild or unspecified. Gastrointestinal reactions, reported in only
one study, were the least frequent reactions. Thirteen anaphylactic reactions were reported in
four trials (Executive Summary, Table B; Appendix D, Evidence Table D 22).

Key Question 3. Is the safety and effectiveness of subcutaneous
iImmunotherapy different in distinct subpopulations with
rhinitis/rhinoconjunctivitis and/or asthma?

Key Points

e There is insufficient evidence to comment on safety and effectiveness in the following
populations: the elderly, pregnant women, minorities, inner-city residents, rural residents,
and patients with severe asthma.

e There is no consistent difference in efficacy of subcutaneous immunotherapy when
comparing responses in mono-sensitized and poly-sensitized subjects.

e Although the evidence supports the use of subcutaneous immunotherapy to improve
asthma and allergic rhinitis outcomes in children, we found that there are fewer pediatric
studies, and as a result, the strength of evidence is weaker for the pediatric subpopulation
than in the mixed adult and pediatric population.

The included articles did not present specific data on the following subgroups: the elderly,
pregnant women, minorities, inner-city residents or rural residents. Insufficient data exist to
comment on these subpopulations.

The majority of the studies excluded subjects with severe asthma. Few articles explicitly
stated that patients with severe asthma were included, although Adkinson et al. specifically
recruited children with moderate to severe perennial allergic asthma® This was a study with low
risk of bias which investigated the benefit of subcutaneous immunotherapy with injections of
multiple allergens in patients already receiving appropriate medical treatment. They
demonstrated, after 2 years or more of immunotherapy, continuing immunotherapy provided no
additional benefit in children with moderate to severe asthma. Subgroup analysis in this study
suggested that a younger age (<8.5 years) and lower medication scores (indicating milder
asthma) may be factors leading to a favorable response to subcutaneous immunotherapy.®

Seven studies were performed exclusively in monosensitized subjects.*"#3>°39L997 There
was no consistent difference in the efficacy of subcutaneous immunotherapy when considering
these studies of monosensitized individuals relative to studies including polysensitized
individuals.

Some studies performed subgroup analyses on monosensitized individuals and select age
groups. One study by Bousquet et al. demonstrated that in the subgroup of patients allergic only
to D. pteronyssinus who received immunotherapy, there was a significant decrease in mean
asthma symptom scores, medication scores, and a significant improvement in FEV1 in
comparison to the control group that did not receive immunotherapy. In this study, the
investigators observed that children and patients with mild asthma demonstrated the most
improvement; they also observed that patients with an FEV1 less than 70 percent predicted
before immunotherapy (indicating more severe asthma) did not improve after 12 months of
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treatment. Another study, by Wang et al., demonstrated a reduction in asthma symptom scores in
both pediatric (16 years of age or younger) and adult subgroups after 1 year of immunotherapy
with a dust mite extract; however when compared with placebo, no significant difference was
observed in either age group.*® Similarly, there was no significant difference in treatment
response in monosensitizedz or in polysensitized individuals.

Subcutaneous Immunotherapy in Pediatric Population

Thirteen articles on subcutaneous immunotherapy were eligible for inclusion in this review.
Two additional articles provided long term followup outcomes. The 13 articles with 920 subjects
were published between 1982 and 2011. The publications originated mostly from Europe with
one each from North America and Australia. Thirty-eight percent of studies (n=5) had at least
some industry support, although 7 studies had no identified funding source (Appendix G,
Evidence Table G1). Four studies had a low risk of bias (31%); 4 studies were rated as having a
medium risk of bias (31%), and 5 studies were considered to have a high risk of bias (38%).
(Appendix G, Evidence Table G4)

The pediatric population ranged in age from 3 to 18 years. The number of participants in
each study ranged from 18 to 300. The primary diagnoses of the subjects studied in the articles
included asthma in 7 studies,**0°3°5°7535 rhinitis in zero studies, rhinoconjunctivitis in one
study, asthma with rhinitis in 3 studies,*®*"*®® and asthma with rhinoconjunctivitis in two
studies.*****? (Appendix G, Evidence Table G2)

Inclusion criteria required that all subjects have positive skin allergy testing and/or in vitro
specific IgE allergy testing. Seven studies (54%) required that the study participants had not
recei\ggéj?prior immunotherapy. Two studies (17%) focused on monosensitized individuals
only.”>

The majority of studies evaluated perennial allergens (62%), followed by seasonal allergen
(23%) and studies including both seasonal and perennial allergens (15%) (Appendix G, Evidence
Table G1).

All studies allowed either conventional pharmacotherapy or rescue allergy medications
during the study. The maintenance dosing interval varied from biweekly to every 6 week dosing,
and the duration of treatment ranged from 4 months to 3 years. There was great heterogeneity in
the reporting of the maintenance or cumulative dose delivered to the study participants, and the
studies used various units to report dosing (Appendix G, Evidence Table G3).

Key Points Regarding Asthma Outcomes in the Pediatric Population

Relative to placebo or control treatment:

e Moderate evidence supports that subcutaneous immunotherapy improves asthma
symptom control based on 6 randomized controlled trials with 550 subjects. Low grade
evidence supports that subcutaneous immunotherapy reduces asthma medication use
based on 4 randomized controlled trials with 470 subjects.

e Low grade evidence supports that subcutaneous immunotherapy reduces asthma plus
rhinitis/rhinoconjunctivitis medication use based on 2 randomized controlled trials with
80 subjects.

e Low grade evidence supports that subcutaneous immunotherapy improves combined
asthma/rhinitis/rhinoconjunctivitis symptom and medication scores use based on 2
randomized controlled trials with 85 subjects.
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Asthma and Asthma/Rhinoconjunctivitis Symptoms

Asthma symptom scores were reported in 6 asthma studies*****3¢>111112 (Appendix G,
Evidence Table G5). Six (46%) of 13 studies evaluated asthma symptom scores. The number of
participants in each study ranged from 20 to 300. The duration of treatment ranged from 10
months to 3 years. Four studies compared subcutaneous immunotherapy to placebo, and two
studies compared subcutaneous immunotherapy to pharmacotherapy. Various measures of
asthma symptoms were used. Although the scoring system was not always described, some
studies used self-reported symptoms using an ordinal scale. Other measures of asthma symptoms
include mean percentage of days and nights with asthma,*® and number of exacerbations per
year.>® The allergens used for SCIT included dust mite, Cladosporium, ryegrass, Alternaria, and
multiple allergens.

Five studies reported statistical comparisons between subcutaneous immunotherapy and the
comparison group.*0>*%5M1112 oy of these studies demonstrated improvement in asthma
symptoms from subcutaneous immunotherapy when compared with pharmacotherapy,**** or to
placebo;****2 however only three of these were reported as statistically significant.**>**'2 One
study demonstrated significant improvement in the subcutaneous immunotherapy group when
symptom scores were compared before and after immunotherapy, although the placebo group
also had a significant reduction in symptoms scores.®

One study did not report statistical comparisons between the immunotherapy and the
comparison groups.*® This study was a 2-year study in which patients were treated with
preseasonal immunotherapy only in the first year of the study. Symptom scores were recorded
before, during, and after the pollen season for both years; however the investigators did not
report a direct comparison of the symptom scores between the first and second year.

Two of 6 studies reporting asthma symptom scores were large studies with 121 to 300
participants.*®®® One of the large studies had low risk of bias,® and the other had a high risk of
bias. Both studies investigated multiple allergens. One study showed no significant
improvement.®® The other study showed a decrease in the mean percentage of days and nights
with asthma symptoms in children receiving SCIT for 3 years compared with controls, but
baseline data were not reported, so we were unable to determine the magnitude of effect.*® Two
high quality studies, including one large study, reported no significant improvement in asthma
symptoms following treatment with subcutaneous immunotherapy when the immunotherapy
group was compared with the placebo group.®>*** In fact, in the larger study by Adkinson et al.,
the placebo group had a greater reduction in symptoms than the immunotherapy group.®
Allergen doses varied across studies with no clear association between dose and symptom
response.

These 6 studies reporting asthma symptom scores include 550 participants. The overall
strength of evidence is moderate that subcutaneous immunotherapy using a single allergen
improves asthma symptoms. However, there is low grade evidence to support that subcutaneous
immunotherapy using multiple allergens does not improve asthma symptoms. There were no
studies that reported combined asthma and rhinoconjunctivitis symptom scores (Table 16).
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Table 16. Body of evidence for subcutaneous immunotherapy and asthma symptom scores in

children and adolescents

. Direction .
Study Allergen Comparator N“mt.’er of ngk of of Directness Magnitude of
Participants Bias Effect
Change
Pifferi . SCIT . .
20025 Dust mite Pharmacotherapy 29 Medium + Direct Strong
Drebor . SCIT .
1986“9 Cladosporium Placebo 30 Low + Direct Moderate
Kuna . SCIT . .
2011112 Alternaria Placebo 50 Medium + Direct Moderate
Hill SCIT . .
19824 Rye Placebo 20 High + Direct Strong
Adkinson . SCIT .
1997%° Multiple Placebo 121 Low - Direct Moderate
. Multiple (Dust
?gg;%" mite, Rye, gﬁzﬂmacothera 300 High * Direct d(;ct)grlgﬂr:]c:*
Parietaria) Py

+ = positive; - = negative; SCIT = subcutaneous immunotherapy
*Not enough data were provided in the article to calculate the magnitude of effect.

Asthma Medication Use and Asthma Plus Rhinitis/Rhinoconjunctivitis

Medication Use
Asthma medication scores, or asthma plus rhinitis/rhinoconjunctivitis medication scores were
reported in 6 (46%) asthma studies**49**®>H1L12 (Appendix G, Evidence Tables G6 and G8).
Methods of assessing medication consumption varied across studies. Some studies reported
calculated medication scores, with scoring scales different across studies. Other measures of
asthma medication consumption include number of days during which medications were used>
and sum of daily medication doses.***
Four studies reported medication scores for asthma alone.******®® One study used dust mite

as a single allergen® while another used rye grass.*® Two studies used multiple allergens.
Two studies compared subcutaneous immunotherapy to placebo,

49,65

40,65

and two studies compared

subcutaneous immunotherapy to pharmacotherapy.**>* One placebo controlled study of rye
pollen allergy did not report results of relevant statistical analyses.*

Three studies reported results from direct comparison between the immunotherapy group and
the comparison group.*®>*®° Two of these studies reported a significant difference in medication

consumption in favor of the immunotherapy group when compared with pharmacotherapy.
The allergens investigated by these studies include dust mite in both studies

40,53

40,53

as well as

Parietaria and ryegrass pollen in one study.*’ The remaining one study found no significant

difference in medication use between the immunotherap

&

group and the comparison groups. This

placebo controlled study investigated multiple allergens® and demonstrated significant reduction

in medication use in both the immunotherapy and placebo groups after treatment, with no

difference between groups.®®
Overall, 4 studies reported asthma medication consumption in 470 participants. The overall

strength of evidence is low grade to support the use of subcutaneous immunotherapy to improve

asthma medication use (Table 17).
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Table 17. Body of evidence for subcutaneous immunotherapy affecting asthma medication scores
in children and adolescents

Stud Allergen Combparator Number of Risk of Direction Direct- Magnitude
y 9 P Participants Bias of Change ness of Effect
Pifferi . SCIT . .
20025 Dust mite Pharmacotherapy 29 Medium + Direct Strong
TSLZN Rye glcégebo 20 High + Direct Moderate
Adkinson . SCIT .
1997% Multiple Placebo 121 Low - Direct Weak
. Multiple (Dust
Cantani . SCIT . . Could not
1997% Qgﬁégﬁ;’) Pharmacotherapy 300 High * Direct | Jetermine*

+ = positive; - = negative; SCIT = subcutaneous immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect

Two studies reported combined asthma and rhinoconjunctivitis medications scores and

investigated molds, Cladosporium** and Alternaria.**? These studies included 30 to 50
participants, compared immunotherapy to placebo, and had a low ris

k' and

high ris

These studies demonstrated a reduction in asthma and rhinoconjunctivitis medication

consumption in the immunotherapy group when compared with the comparison groups.

The overall strength of evidence is low grade to support the use of subcutaneous
immunotherapy to reduce asthma and rhinoconjunctivitis medication consumption (Table 18).

Table 18. Body of evidence for subcutaneous immunotherapy affecting asthma plus
rhinitis/rhinoconjunctivitis medication scores in children and adolescents

112
k

of bias.

Number of Risk of Direction . Magnitude
Study Allergen Comparator Participants Bias of Change Directness of Effect
?grgté?frq Cladosporium ﬁlceilc-l;ebo 30 Low + Direct Weak
;g?fnz Alternaria glilc-lt-abo 50 Medium + Direct Strong

+ = positive; SCIT = subcutaneous immunotherapy

Combined Asthma Symptoms and Medication Scores
Two asthma studies reported combined symptom-medication scores for asthma or asthma

plus rhinoconjunctivitis®***? (Appendix G, Evidence Tables G7 and G8). These studies

compared subcutaneous immunotherapy to placebo and investigated dust mite allergen> with

high risk of bias and Alternaria mold allergen
demonstrated significant improvement in the immunotherapy group compared with placebo.

112

with moderate risk of bias. Both studies

50,112

Kuna et al. reported a 63 percent reduction in combined symptom-medication score after 3 years

of treatment, compared with 17 percent reduction in the placebo group.

112

Another study by Akmanlar et al. compared rush immunotherapy to conventional
immunotherapy and observed significant reduction in symptom-medication scores in both study
groups after immunotherapy, but there was no significant difference in scores between the two
groups. This study was graded as having a high risk of bias and was not included for evidence
grading because both treatment groups received SIT.%’

Overall, 2 studies reporting asthma symptom-medication scores included 85 participants. The
strength of evidence is low grade to support that subcutaneous immunotherapy improves asthma
symptom-medication scores (Table 19).
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Table 19. Body of evidence for subcutaneous immunotherapy affecting combined symptom-
medication scores in children and adolescents)

Study Allergen Comparator P’\;l: trln cti)s;r?tfs R;I;Sof OE:i(r:ehc;inogne Directness Moiggfiftgg[e
SCIT-Adsorbed Al
,1Aslati9n9t5aos Dust mite ggg:gsggzesd Ca 35 High + Direct Strong
Placebo
gg?fm Alternaria gI(;IcTebo 50 Medium + Direct Strong

+ = positive; Al = aluminum; Ca = calcium; SCIT = subcutaneous immunotherapy

Pulmonary Function Testing

Two studies reported changes in pulmonary function test results with peak expiratory flow
rates (PEF or PEFR)**'* (Appendix G, Evidence Table G9). Risk of bias was low for these 2
studies, comparing subcutaneous immunotherapy to placebo.®>*** One study demonstrated a
small treatment effect in favor of immunotherapy (with a mean difference of 3.8 percentage
points in the predicted value of PEFR) and this approached statistical significance.®® The other
study fOliI{lld no significant difference in mean PEF between subcutaneous immunotherapy and
placebo.

Bronchial Reactivity

Eight asthma studies (67%) evaluated bronchial airway reactivity (Appendix G, Evidence
Table G10). Bronchial reactivity was evaluated by two methods: specific allergen bronchial
provocation tests and nonspecific chemical bronchial provocation. The majority of the studies
that performed nonspecific chemical bronchial provocation tests used methacholine and/or
histamine (Appendix G, Evidence Table G10).

Specific allergen bronchoprovocation studies were reported in 6 studies. Of 5 studies that
reported pre- versus post-treatment differences, 3 studies (60%) demonstrated significant
decreases in bronchial sensitivity in favor of subcutaneous immunotherapy.>®*®*** Two trials
showed no statistically significant difference between the immunotherapy group and the
comparison group.®*’ One study reported only the pre- and post-treatment comparison. >°
Nonspecific chemical bronchoprovocation tests were reported in 3 studies.”****® All 3 studies
reported comparisons with a comparator group, although only one demonstrated a significant
decrease in bronchial sensitivity in favor of subcutaneous immunotherapy.®® Two studies
demonstrated no significant difference between the immunotherapy group and the comparison
group. %% |n the study by Hedlin et al, both groups were treated with some form of
immunotherapy.®

Secondary Outcomes

Few studies evaluated secondary outcomes including quality of life, biomarkers, and
prevention of asthma development. One study commented on asthma quality of life. Kuna et al.
demonstrated a significant improvement of 38 percent in quality of life scores after 3 years of
immunotherapy, compared with a 19 percent decrease in quality of life scores in the placebo
group.'? There is insufficient evidence to comment on the strength of the evidence about the
effect of subcutaneous immunotherapy on these secondary outcomes.
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Key Points Regarding Rhinitis/Rhinoconjunctivitis Outcomes in the

Pediatric Population

Relative to a control group:

e Moderate grade evidence supports that subcutaneous immunotherapy improves
rhinitis/rhinoconjunctivitis symptoms based on 3 randomized controlled trials with 285
subjects.

e Low grade evidence supports that subcutaneous immunotherapy improves conjunctivitis
symptoms based on 3 randomized controlled trials with 285 subjects.

e Low grade evidence supports that subcutaneous immunotherapy improves disease
specific quality of life based on 2 randomized controlled trials with 350 subjects.

There were no pediatrics studies that reported on subcutaneous immunotherapy outcomes of
combined nasal, ocular, and bronchial symptoms, rhinitis/rhinoconjunctivitis medication use,
combined medication use (both asthma and rhinitis/rhinoconjunctivitis medications), or
combined symptom and medication use.

Rhinitis/Rhinoconjunctivitis Symptoms

Rhinitis/Rhinoconjunctivitis symptom scores were reported in 3 studies®*****'? (Appendix G,
Evidence Table G11). Rhinitis/rhinoconjunctivitis symptom scores were included from studies
that enrolled rhinitis/rhinoconjunctivitis and/or asthma patients. One study exclusively examined
patients with a primary diagnosis of rhinoconjunctivitis,2* while the other two studies enrolled
patients with asthma and/or rhinitis/rhinoconjunctivitis, and met our criteria for inclusion with
the asthma studies.*****2

Two studies used visual analog scores to measure nasal symptoms, while the other study
used an unspecified numeric system to score the severity and presence/absence of nasal
symptoms.*** Two studies reporting rhinitis/rhinoconjunctivitis symptom scores demonstrated
statistically significant improvement in rhinitis/rhinoconjunctivitis symptoms with subcutaneous
immunotherapy compared with placebo.®***? These studies had medium risk of bias, included 50
to 205 participants, and investigated grass/birch allergen mix and Alternaria respectively. The
third study did not show significant improvement in symptoms relative to placebo treated
subjects.™* This study also had low risk of bias, included 30 patients, and investigated
Cladosporium allergen.

Overall, three RCTs reported rhinitis/rhinoconjunctivitis symptom scores in 285 participants.
The overall strength of evidence is moderate to support that subcutaneous immunotherapy
improves rhinitis/rhinoconjunctivitis symptoms (Table 20).

84,112

Table 20. Body of evidence for subcutaneous immunotherapy affecting rhinitis/rhinoconjunctivitis
symptom scores in children and adolescents

Number of Risk of Direction . Magnitude
Study Allergen Comparator Participants Bias of Change Directness of Effect

Drebor . SCIT .
1986119 Cladosporium Placebo 30 Low + Direct Weak
Kuna . SCIT . .
2011212 Alternaria Placebo 50 Medium + Direct Moderate
Moller

84
2902 Grass/ Birch SCIT 205 Medium + Direct Strong
nggelgan Placebo
2006

+ = positive; SCIT = subcutaneous immunotherapy
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Conjunctivitis Symptoms

Three subcutaneous immunotherapy studies reported conjunctivitis symptom scores
(Appendix G, Evidence Table G12).24*1112 The comparator in these three studies was placebo.
Two studies used a visual analog score for ocular symptoms,®***? and the other study did not
describe the scale used.™ The duration of assessment varied from 10 months to 5 years.

One study, with medium risk of bias and involving 205 participants, reported significant
improvement in conjunctivitis symptom scores when compared with placebo, although actual
scores were not reported to determine the magnitude of effect.>* Kuna et al. also found
significant improvement with a 47 percent absolute reduction in conjunctivitis symptoms after 3
years of subcutaneous immunotherapy compared with controls.**? The third study, also with low
risk of bias and involving 30 participants, did not show significant improvement in conjunctivitis
symptom scores compared with placebo.'**

Three subcutaneous immunotherapy trials reported conjunctivitis scores and included 285
subjects. The overall strength of evidence is low to support that subcutaneous immunotherapy
improves allergic ocular symptoms in children (Table 21).

Table 21. Body of evidence for subcutaneous immunotherapy affecting conjunctivitis symptoms
in children and adolescents

Number of Risk of Direction . Magnitude
Study Allergen Comparator Participants Bias of Change Directness of Effect
Drebor . SCIT .
1986111CJ Cladosporium Placebo 30 Low + Direct Weak
Moller
84
2002 Grass/ Birch SCIT 205 Medium + Direct Could _not*
nggelgan Placebo determine
2006
Kuna . SCIT . .
2011112 Alternaria Placebo 50 Medium + Direct Strong

+ = positive; SCIT = subcutaneous immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Quality of Life

Quality of life (QOL) was reported in 2 trials comparing subcutaneous immunotherapy to
placebo with medication treatment.*>**? One 3 year study compared the mean number and
percentage of limitations of quality of life per year for the two groups. This study reported
significant improvement in disease-specific quality of life when compared with placebo®
(Appendix G, Evidence Tables G14 and G15). In Kuna, et al, a 38 percent increase in QOL in
treated children was seen at 3 years, compared with a 18 percent decrease in QOL in the placebo
group.'*? Kuna et al also described a significant increase in QOL in adolescents, compared with
placebo.™? A similar increase in QOL was also seen in the parents of children with symptoms.**2

Overall, two studies with 350 subjects evaluated quality of life outcomes. There is low grade
evidence to support that subcutaneous immunotherapy improves disease-specific quality of life
among children and adolescents with rhinitis/rhinoconjunctivitis (Table 22).
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Table 22. Body of evidence for rhinitis/rhinoconjunctivitis quality-of-life scores after
subcutaneous immunotherapy (in children and adolescents)

. Direction .
Study Allergen Comparator N“’T“?er of ngk of of Directness Magnitude of
Participants Bias Effect
Change
. | Dust Mites, | SCIT
Cant% ! Grass, Pharmaco- 300 High + Direct Could _not*
1997 determine
Weeds therapy
Kuna . SCIT . .
2011212 Alternaria Placebo 50 Medium + Direct Strong

+ = positive; SCIT = subcutaneous immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Nasal and Ocular Allergen Challenge (Provocation)

Three subcutaneous immunotherapy studies challenged subjects to specific allergens in order
to quantify symptoms (Appendix G, Evidence Table G11). None of the studies used nasal
provocation. Three studies performed conjunctival provocation tests comparing subcutaneous
immunotherapy to placebo.?®*%*! Two of the 3 conjunctival provocation studies demonstrated
significant improvement in symptoms comparing subcutaneous immunotherapy to placebo after
1 or 5 years.®*® One study demonstrated no significant difference between subcutaneous
immunotherapy and placebo after 10 weeks during peak allergy season.*** This study had low
risk of bias, included 30 children, and investigated Cladosporium allergen.

Secondary Outcomes
Few studies evaluated secondary outcomes such as biomarkers. In general, there is

insufficient evidence about the effect of subcutaneous immunotherapy on these secondary
outcomes. Moller et al conducted a medium risk of bias study investigating asthma prevention as
a primary outcome; they observed that among 151 children with allergic rhinoconjunctivitis
without asthma, there was a 52 percent increased odds (OR 2.52 (1.3-5.1)) of preventing the
development of asthma after 3 years of SCIT compared with placebo.®***> A 5-year followup
study, by the same investigators, found a 68 percent increased odds (OR 2.68 (1.3-5.7)) of
preventing the development of asthma in children receiving SCIT 2 years after stopping a 3-year
course of SCIT.3***° In a 10-year followup study (7 years after completing a 3-year course of
SCIT), there was a 50 percent increased odds (OR: 2.5 (1.1-5.9)) of preventing asthma in
children that had received SCIT, compared with placebo™® (Appendix G, Evidence Table G14
and G16).

Summary of Evidence for Efficacy and Effectiveness in the Pediatric

Population

When considering the key evidence for the efficacy and effectiveness of subcutaneous
immunotherapy in the treatment of asthma, the pertinent direct clinical outcomes include
symptom scores and medication use. The strength of evidence regarding the effectiveness of
subcutaneous immunotherapy is moderately supportive that this treatment improves asthma
symptom scores but there is low evidence for improvement of asthma medication use and
symptom medication scores (Table 23).

When considering the key evidence for the efficacy and effectiveness of subcutaneous
immunotherapy in the treatment of rhinitis and rhinoconjunctivitis, the pertinent direct clinical
outcomes include symptom scores, medication use, and quality of life. The strength of evidence
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regarding the effectiveness of subcutaneous immunotherapy is moderately supportive that this
treatment improves rhinoconjunctivitis, but there is low grade evidence to support the use of
subcutaneous immunotherapy to improve conjunctivitis symptoms and quality of life in children
with rhinitis/rhinoconjunctivitis (Table 24).
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Table 23. Summary of studies and strength of evidence for subcutaneous immunotherapy and asthma outcomes in children and

adolescents

Number of Strenath
Studies/ Risk of Direction . . Magnitude . 9
Outcome . Consistency Directness Studies of
Number of Bias of change of Effect .
L Evidence
Participants
2 studies with low RofB AND
2 high 2 strong moderate magnitude
Asthma 6 /550 2 medium 5 positive Consistent Direct 3 moderate 1 study with medlgm RofB Moderate
Symptoms 1 negative AND strong magnitude
2 low 1 CND . ;
1 study with medium RofB
AND moderate magnitude
Asthma plus
Rhinitis/ Rhino- 1, g NA NA NA NA NA NA
conjunctivitis
Symptoms
. 1 strong 1 study with medium RofB
Asthlma. 2 h'gh. 3 positive . . 1 moderate AND strong magnitude
Medication 41470 1 medium . Consistent Direct . Low
1 negative 1 weak 1 study with low RofB and
Scores 1 low .
1 CND weak magnitude
ASt.hf‘?a plqs 1 study with medium RofB
Rhinitis/Rhino- 1 medium 1 stron AND strong magnitude
conjunctivitis 2/80 2positive Consistent Direct 9 19 mag Low
o 1 low 1 weak 1 study with low RofB and
Medication .
weak magnitude
Scores
Combined 1 study with medium RofB
Symptom- 1 high . . . AND strong magnitude
Medication 2/85 1 medium 2 positive Consistent Direct 2 strong 1 study with high RofB AND Low
Scores strong magnitude

CND = could not determine; NA = not available; RofB = risk of bias
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Table 24. Summary of studies and strength of evidence for subcutaneous immunotherapy and rhinitis/rhinoconjunctivitis outcomes in
children and adolescents

Number of Strenath
Studies/ Risk of Direction . . Magnitude . 9
Qutcome - Consistency Directness Studies of
Number of Bias of Change of Effect .
. Evidence
Participants
1 study with medium RofB
— . - AND strong magnitude
Rhinitis/Rhino 2 medium | 3 positive . . 1 Strong 1 study with medium RofB
conjunctivitis 3/285 | Consistent Direct 1 Moderate d itud Moderate
Symptoms 1 low 1 Weak AND mo _erate magnitude
1 study with low RofB AND
weak magnitude
1 Strong 1 study with medium RofB
Conjunctivitis 3/285 2 medium 3 positive Consistent Direct 1 Weak AND S”Of‘g magnitude Low
Symptoms 1 low 1 study with low RofB AND
1 CND .
weak magnitude
Combined 0/0 NA NA NA NA NA NA NA
Symptom Score
Rhinitis/Rhino-
conjunctivitis 0/0 NA NA NA NA NA NA NA
Medication Use
Asthma plus
Rhinitis/Rhino- 0/0 NA NA NA NA NA NA NA
conjunctivitis
Medication Use
Combined
RhinitisSymptom- 0/0 NA NA NA NA NA NA NA
Medication Score
Rhinitis/Rhino- . . .
conjunctivitis 2/350 L h'gh. 2 positive Consistent Direct 1 Strong 1 study with med|gm RofB Low
. - 1 medium 1 CND AND strong magnitude
Quality of Life

CND = could not determine; NA = not available; RofB = risk of bias
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Safety of Subcutaneous Immunotherapy in the Pediatric Trials

e Few studies reported adverse events.

e Lack of a consistent reporting system and grading system for subcutaneous

immunotherapy precluded pooling safety data across studies.

e There were no reports of anaphylaxis or deaths

Adverse events were noted in 10 of the 13 studies for subcutaneous immunotherapy in
children. The studies reported local and systemic reactions as either number of patients with
reactions or the number of events per patient. Local reactions were reported in 7 studies. Four
studies reported local swelling in 11 to 17 percent of patients.’*>*9"112 Three studies, with 10-
20 patients in each arm, reported local reactions including redness and swelling, as events with a
frequency of 0.25 to 21 events per patient.”®* ' In one study there was a greater number of
local reaction events per patient in the placebo group (20.9) than in the SCIT group (20.6).%* One
study reported local injection edema in 1.1 percent of all injections with 11 events occurring in 4
patients.'*

Eight studies reported systemic reactions in children receiving subcutaneous immunotherapy.
Respiratory reactions were observed in 1 percent to 33 percent of patients in 2 studies.**®” There
were insufficient data to determine a difference in frequency of respiratory reactions between the
active group and the comparator group. One study reported a respiratory reactions occurring with
approximately 4 percent of all dust mite injections.>” Cutaneous reactions with urticaria were
reported in two studies in 2 to 19 percent of patients.**** One study reported headache in 1
patient, 3 percent of 30 patients receiving subcutaneous immunotherapy, and mild facial flushing
and redness in 2 patients with placebo injections.*'? Unspecified mild systemic reactions were
reported in 33 percent (n=5) of patients in one study,'® in 34 percent (n=21) of patients
receiving SCIT and 7 percent of patients receiving placebo injections in another study,® and as
2.8 events per patient with 45 unspecified systemic reactions occurring in 16 patients receiving
SCIT.* There were no reports of anaphylaxis (Appendix G, Evidence Table G18).

Conclusion: Summary of Evidence for Key Question 3 for

Subcutaneous Immunotherapy

We did not observe any substantial difference in the efficacy of subcutaneous
immunotherapy when considering monosensitized and polysensitized individuals. Little data
exist about the following subpopulations: the elderly, pregnant women, minorities, inner-city
residents, rural residents, and severe asthmatics, so the evidence is insufficient to comment on
the effectiveness of this therapy in these subgroups. The limited available data suggest that
subcutaneous immunotherapy is less beneficial in patients with severe asthma than in individuals
with mild asthma. There are few studies that focused exclusively on children and adolescents. As
a result, we found that the strength of evidence is weaker for the pediatric subpopulation than in
the mixed adult and pediatric population. Tables 23 and 24 summarize the studies and the
strength of evidence for subcutaneous immunotherapy affecting asthma and allergic
rhinitis/rhinoconjunctivitis outcomes in the pediatric subpopulation.
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Sublingual Immunotherapy

Study Characteristics

Sixty articles on sublingual immunotherapy were eligible for inclusion in this review. These
60 articles, with 4870 subjects, were published between 1993 and 2012. The publications
originated from North America, Europe, and Asia. Sixty-one percent of studies had at least some
industry support, although 8 studies had no identified funding source (Appendix E, Evidence
Table E1). Twenty-two percent of the studies were rated as having a low risk of bias; 68 percent
were rated as having a moderate risk of bias, and 14 percent were considered to have a high risk
of bias (Appendix E, Evidence Table E4).

The primary diagnoses of the subjects studied in the articles included asthma in eight
studies,*"** rhinitis in seven studies,****3 rhinoconjunctivitis in 14 studies,*® 3% asthma and
rhinitis in 17 studies,****%**® and asthma with rhinoconjunctivitis in 14 studies.*®**"2*"3

Most studies enrolled adults only, although sixteen RCTs included both adults and
Children 122,124,129,132,140,142,145,149,153,159,167,169,170,172-174 and 18 excluswely studied
chlldren 117,120,121,130,144 131,138,141,148,152,154,157,158,160,163,164,168,171 Seven StUdleS dld not report sex
45,132,147,149,155,165,170
Table E2).

By design, all studies required subjects to have positive skin allergy testing and/or in vitro
specific IgE allergy testing. Thirty-two studies (54%) required that the subjects had not received
preViOUS immunotherapy.44'45'117‘120’124'126’128'130’132‘133’135’138'140'145’148'149‘152’154'157'159’161'162'164'166’
123143.17L172 Ejghteen studies (329%) focused on monosensitized
individuals.43'44’117'120’124’130'132’138'144'146’152'153’155’158'161’162’166’171 Nine studies Specifically eXC|Uded
pregnant individuals®®123126.128.129.143.149.165.169 ( A hnendix E, Evidence Table E1).

The majority of studies evaluated seasonal allergens (66 percent), followed by perennial
allergens (31%); a small number of studies included both seasonal and perennial allergens (3%)
(Appendix E, Evidence Table E1) The study allergens were grass/grass mix (in 15
Studies),44,119,125,137-142,152,164-1‘:‘:7,174 dust mite (m 14 studies),117’120’121'129'131’149'154'159'171 tree (m 13
Studies)'45,126—128,134—136,143,146,150,162,163,168 WeedS/Weed mix (7 studies),43’124’132'133’144’160'161 mixed
or multiple allergens (7 studies), 2245147148 15L153.872 oot (9 studies),**#"® and mold (2
studies).*?1% (Figure 12). Half of the studies used only one allergen in their study protocols,
while the other half used multiple allergens in their studies.

The trials compared sublingual immunotherapy to placebo (71%), to another sublingual
intervention without a placebo group (15%), or to a conventional treatment without placebo
(pharmacotherapy or rescue medications) (14%) (Appendix E, Evidence Table E3). All studies
allowed either conventional pharmacotherapy or rescue allergy medications in both the
sublingual therapy arm and in the comparison arm. The maintenance dosing interval varied from
daily to weekly, and the duration of treatment ranged from 3 months to 5 years. There was great
heterogeneity in the reporting of the maintenance or cumulative dose delivered to the study
participants, and the studies used a variety of units to report dosing.

and the remainder enrolled both males and females (Appendix E, Evidence
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Figure 12. Sublingual immunotherapy studies by type of allergen
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Population Characteristics

The mean age range of subjects in the included studies was four to 74 years (Appendix E,
Evidence Table E2). Forty-two percent of the studies reported the mean or minimum duration of
disease among the enrolled participants. The range of mean duration of disease was one to 19
years. Race was not reported in any study.

Key Question 1. What is the evidence for the efficacy and effectiveness of
sublingual immunotherapy in the treatment of allergic
rhinitis/rhinoconjunctivitis and/or asthma?

Key Points

High grade evidence supports that sublingual immunotherapy improves asthma
symptoms based on 13 randomized controlled trials with 625 subjects.

Moderate grade evidence supports that sublingual immunotherapy improves asthma or
rhinitis/rhinoconjunctivitis (asthma combined scores) symptom control based on 5
randomized controlled trials with 308 subjects.

Moderate grade evidence supports that sublingual immunotherapy improves
rhinitis/rhinoconjunctivitis symptoms based on 35 randomized controlled trials with 2658
subjects.

Moderate grade evidence supports that sublingual immunotherapy improves control of
conjunctivitis symptoms based on 13 randomized controlled trials with 1074 subjects.
Moderate grade evidence supports that sublingual immunotherapy decreases medication
use based on 38 randomized controlled trials with 2724 subjects.

54



e Moderate grade evidence supports that sublingual immunotherapy improves allergy
symptoms or decreases medication use based on 19 randomized controlled trials with
1462 subjects.

e Moderate grade evidence supports that sublingual immunotherapy improves disease-
specific quality of life based on eight randomized controlled trials with 819 subjects.

Asthma Outcomes

Asthma symptom scores alone, or asthma with rhinitis/rhinoconjunctivitis symptom scores
(asthma combined scores) were reported in 24 studies.*®*#°117:120.121,123124,131,137,140,145-
147.150,153,154,156,158,160,164.168, 169,171  Annendix E, Evidence Table E5). As described in the Methods,
asthma scores and asthma combined symptom scores were included from studies only if
objective measures of lung function were used to diagnose subjects with asthma.

Asthma symptoms scores were reported in 13 studies (22%)
44117,120,121,123,150.154,157,158,160.168,169.171 « Apnendix E, Evidence Table E6). The types of scales used
to report asthma symptoms scores were not uniform. Two studies used visual analog scores, "¢
one study counted number of days with asthma,** and the remainder used numeric systems to
score presence/absence of asthma symptoms and severity. One study compared sublingual
immunotherapy with inhaled corticosteroids,** another to montelukast,* while the remainder
used a placebo control group. The number of participants across studies ranged from 15 to 110.
The duration of assessment ranged from one pollen season to 5 years.

All of the studies reporting asthma symptom scores demonstrated significant improvement in
asthma symptoms with sublingual immunotherapy. Ten studies with asthma symptom scores
demonstrated significant improvement in asthma symptoms with sublingual immunotherapy
when compared with placebo;**117120121.123.131,150.154.10.168 gy ejght studies demonstrated
significant improvement in pre- versus post-treatment asthma scores in the sublingual
immunotherapy arm,*442117:120123157.158.171 The o dy comparing sublingual immunotherapy to
inhaled corticosteroids demonstrated significant improvement from pre-treatment scores in both
the sublingual and inhaled corticosteroid groups.** However, the participants receiving
immunotherapy improved significantly more than those receiving inhaled corticosteroids. One
study compared sublingual immunotherapy to montelukast,* and found a greater improvement
in asthma scores in the immunotherapy group. The most common single allergen used in the
asthma scores was dust mite, in seven studies,**"12012L13# 157138171 AJ| st mite studies which
reported asthma scores reported significant benefit with sublingual immunotherapy.

We conclude that there is high grade evidence that sublingual immunotherapy reduces
asthma symptoms (Table 25).
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Table 25. Body of evidence for sublingual immunotherapy affecting asthma symptoms

Number of Risk of Direction of . Magnitude
Study Allergen | Comparator Participants Bias Change Directness of Effect
Night + Night
Pajno SLIT Strong
200047 Dust mite Placebo 24 Low Direct
VAS
VAS + Strong
Lue . SLIT . .
200612 Dust mite Placebo 20 Medium + Direct Strong
Niu, . SLIT . .
2006 12 Dust mite Placebo 110 Medium + Direct Strong
Hirsch . SLIT .
199715 Dust mite Placebo 30 Low + Direct Strong
Bahceciler . SLIT . .
2001158 Dust mite Placebo 15 Medium + Direct Moderate
Ippoliti . SLIT . .
20031 Dust mite Placebo 86 Medium + Direct Strong
Tari, . SLIT i
199057 Dust mite Placebo 58 Low + Direct Moderate
Pozzan . SLIT . . Could not
2010 169 Alternaria Placebo 52 Medium + Direct determine*
Cortellini . SLIT . .
501012 Alternaria Placebo 27 High + Direct Strong
Sx
Sx+ Could not
Pai ST determine*
ajno, . . .
200416 Parietaria Placebo 30 Low Direct
VAS
VAS + Could not
determine*
Voltolini, . SLIT . .
2009150 Birch Placebo 24 Medium + Direct Strong
, high dose High dose + High dose:
Valovirta . . . Strong
168 Tree mix low dose 98 Medium Direct .
2006 Placebo Low dose:
Low dose + Moderate
Marogna, . SLIT . .
2009™ Grass mix Budesonide 51 Medium + Direct Strong

+ = positive; Night = nighttime symptom score; SLIT = sublingual immunotherapy; Sx = symptom score; VAS = visual analog
scale score
*Not enough data were provided in the article to calculate the magnitude of effect.

Five trials of sublingual immunotherapy, involving 308 participants, reported asthma plus
rhinitis or rhinoconjunctivitis symptoms scores in comparison to placebo or
control 146147156168.169 g4,y size ranged from 31 to 98 subjects. All studies used numeric
scoring systems, but the types of scales used were not validated and varied between studies. One
study compared sublingual immunotherapy with pharmacotherapy,**’ while the remaining
studies made comparisons to a placebo group. The duration of assessment ranged from one
pollen season to 4 years.

Four studies reporting asthma plus rhinitis or rhinoconjunctivitis combined symptom scores
demonstrated statistically significant positive effects on combined asthma plus
rhinitis/rhinoconjunctivitis symptoms with sublingual immunotherapy;*#¢471%81% gne study did
not.’®® Three studies demonstrated significant improvement in asthma symptoms when compared
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with controls.****%71% One study found significant improvement in total symptoms when
compared with pharmacotherapy.**’

Several studies reporting asthma plus rhinitis/rhinoconjunctivitis symptoms made

comparisons with more than one sublingual group compared with placebo or medication. One
study found no improvement with either high or low dose dust mite allergen therapy when
compared with placebo.*® A study comparing high dose tree allergen, low dose tree allergen,
and placebo found only the high dose had a significant impact on asthma combined scores when
compared with placebo.®® A study of birch allergen alone, grass allergen alone, and birch plus
grass allergens delivered sublingually compared with placebo found all groups to be significantly
better then placebo in asthma combined scores.**’ Finally, one study identified in our search
compared co-seasonal grass sublingual immunotherapy to continuous therapy, but did not
include any non-immunotherapy comparators; this was not included in grading this body of
evidence.'™ This study found continuous sublingual immunotherapy had a greater magnitude of
effect in both asthma and combined asthma scores than co-seasonal sublingual immunotherapy.
We concluded that there is moderate evidence that sublingual immunotherapy reduces
asthma and/or rhinitis or rhinoconjunctivitis symptoms (Table 26).

Table 26. Body of evidence for sublingual immunotherapy affecting asthma and/or rhinitis/ or
rhinoconjunctivitis symptoms

. Direction .
Study Allergen Comparators Numper of R'S‘.k of of Directness Magnitude
Participants Bias of Effect
Change

Pozzan . SLIT . . Could not

2010%° Alternaria Placebo 52 Medium + Direct determine*

Marogna . SLIT . .

2005146 Birch Placebo 79 Medium + Direct Moderate
high dose

BUShlse Dust mite | low dose 31 Medium NR Direct Could .not

2011 determine*
Placebo

Valovirt High dose High dose:

2008158 high dose + Strong

Savolainen Tree mix | low dose 98 Medium Direct

200617° Placebo Low dose Low dose:

+ Moderate

SLIT birch

Marogna Birch and | SLIT grass . .

2006 Grass SLIT birch+grass 48 Medium * Direct Strong
Pharmacotherapy

+ = positive; NR = not reported; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Rhinitis or Rhinoconjunctivitis Symptoms
Rhinitis or rhinitis plus conjunctivitis symptoms scores were reported in 36 of the sublingual

immunotherapy articles included in this review (Appendix E, Evidence Table E5).

44,45,118,124-

127,129-133,137-142,144,150,151,153-155,157-160,162,163,165,167,168,171,174 The types of scales used in the studies

and the scoring systems were not uniform; the articles used numeric point systems to grade
symptoms. The duration of assessment ranged from one pollen season to 6 years. In the studies
reporting rhinitis/rhinoconjunctivitis scores, the most common allergen was grass or grass mix,
followed by dust mite and tree/tree mix (Figure 13). The comparator group was placebo in all but
three studies which compared immunotherapy to medication.**4>!%
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Figure 13. Allergens used in studies of rhinitis/rhinoconjunctivitis symptoms (sublingual
immunotherapy)
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Fifty-six percent of sublingual immunotherapy studies reporting rhinoconjunctivitis
symptoms demonstrated significant improvement in allergic rhinoconjunctivitis scores with
sublingual immunotherapy. Two studies compared sublingual immunotherapy to medical
treatment, one to inhaled budesonide** and one to montelukast.* Another study compared 2
years of immunotherapy to 3 years of immunotherapy without a control group™®® and was not
included in the body of evidence grading. The remainder of studies reported
rhinitis/rhinoconjunctivitis scores compared with a placebo group. Therefore 35 studies
compared sublingual immunotherapy to either placebo or medication and were included in the
grading this body of evidence (Table 27).

Nine studies reporting rhinitis/rhinoconjunctivitis scores found significant improvement in
the sublingual immunotherapy study group when comparing pre-treatment to post-treatment
rhinoconjunctivitis symptom scores,*#4>118:124140.153.155.159 171 £ rteen studies found significant
improvement in rhinitis/rhinoconjunctivitis scores when compared with
p|acebO.44'45'118'125’126'132'133'139'140’144'150'157'165’168 The single StUdy Comparing 2 years to 3 years Of
sublingual immunotherapy found rhinitis symptoms at the 6 year evaluation to be significantly
reduced in the 3-year treatment group compared with the 2-year treatment group.'?

We conclude that there is moderate grade evidence that sublingual immunotherapy improves
control of rhinitis or rhinoconjunctivitis symptoms, particularly with grass mix allergens (Table
27).
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Table 27. Body of evidence for sublingual immunotherapy affecting rhinitis/rhinoconjunctivitis

symptoms

Study Allergen Comparator P'\;Lrjtri]::ki)s;r?tfs Rligsil;:f Ol?i E:ehcgnogne Directness Moafggfift:éjte
ngg% Grass Mix g:;arcrebo 69 Medium + Direct Strong
Eggfﬂil Grass Mix g::stl;:rebo 204 Low + Direct Weak
fggzﬁg Grass Mix g:zalg—ebo 58 Medium + Direct d%(t)eurlr?wirr]g*
i’gg(;?ger, Grass Mix g:;arcrebo 126 Medium + Direct di(t)grlglir:g*
ggoilf% Grass Mix g::al;:rebo 118 Medium + Direct Weak
(2)(588139 Grass Mix g:;gebo 213 Medium + Direct Strong
Eggéi%gi’ Grass Mix g:;arcrebo 34 Medium + Direct Strong
;ggéﬂ%r Grass Mix ?:;Iebo-SLIT 35 Medium + Direct Strong
Jo0a | GrassMX | S 13 Hon |+ pirect | Soud ol
g/loe})rg e Grass Mix Stglt-esonide 51 Medium + Direct Strong
;882930 Dust Mite g::’:ll;:rebo 63 Medium - Direct Weak
nggp&; Dust Mite g:;gebo 30 Low + Direct d%?::%%?*
SO'SS[‘gg Dust Mite g:;arcrebo 30 High + Direct Weak
Eggi:%%iler Dust Mite g::’:ll;:rebo 15 Medium + Direct Moderate
ngoeozl,sg Dust Mite g:;gebo 72 Medium + Direct Moderate
Izpo%oglilt;l Dust Mite g:;il;:rebo 86 Medium + Direct Strong
1-836157 Dust Mite ﬁﬂ;bo 58 Low + Direct Moderate
ggfffsl Dust Mite g:;\'gebo 257 High ] Direct Weak
?glgrgtl)zr? sio Parietaria g:;ilz:—ebo 30 Medium + Direct dcé(t):rlgﬂ?g*
Iiggg?i;a Parietaria g::allc-:rebo 41 Low + Direct dcéct);rlg]i?]c:*
Sggﬁeo Parietaria g:;gebo 30 Low + Direct d%?;:%%?*
;gggm Timothy g:;il;:rebo 56 Low + Direct d%(t)grlr?wirr]:()et*
Amar _ monotherapy _
2009152 Timothy multiple 58 Low + Direct Weak

Placebo
58(\;\23?32 Ragweed g::"gebo 83 Medium + Direct d%?grlgﬂrr]g*
gg?g%g Ragweed E(g%\r/](;jc())ss: 115 Low + Direct dct:e?grlgw ir:]c;t*
Placebo
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Table 27. Body of evidence for sublingual immunotherapy affecting rhinitis/rhinoconjunctivitis
symptoms (continued)

Number of Risk of Direction . Magnitude
Study Allergen Comparator Participants Bias of Change Directness of Effect
Horiguchi, Japanese | SLIT . . Could not
2007 cedar Placebo 67 Medium * Direct determine*
Okubo Japanese | SLIT . . Could not
2008% cedar Placebo 61 Medium * Direct determine*
Voltolini . SLIT . .
2009 Birch Placebo 24 Medium + Direct Moderate
Marogna . SLIT . .
201095 Birch Montelukast 33 High + Direct Strong
Vourdas . SLIT . .
1998163 Olive Placebo 70 Medium + Direct Strong
Vervioet Mountain SLIT . . Could not
20072 cedar Placebo 6 High * Direct determine*
Valovirt High dose High dose
2006168 High dose + Moderate
. Tree mix Low dose 98 Medium Direct
Savolainen
200617 Placebo Low dose Low dose
+ Moderate
Moreno- Grass mix High dose
Ancillo lus Olive Low dose 105 Low + Direct Weak
2007 P Placebo
Panzner Grass mix | SLIT .
20084 plus Olive | Placebo-SLIT 35 Low * Direct Strong
Nelson SLIT . .
1993118 Cat Placebo 44 Medium + Direct Weak

+ = positive; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Conjunctivitis Symptoms

Thirteen studies of sublingual immunotherapy reported conjunctivitis symptom scores
(Appendix E, Evidence Table E7).124131132137.140.142.153,157,160,162,163 168,174 Tha comparator in all
studies reporting conjunctivitis scores was placebo. All of the studies used a numeric scale when
reporting the symptoms, but none of the scales appeared to be validated or consistent between
studies. One study had separate scores reported for ocular redness and ocular pruritus.**? The
duration of assessment ranged from one pollen season up to 2 years.

Forty-six percent of the studies demonstrated significant improvement in conjunctivitis
symptom scores when compared with placebo or to pre-treatment symptom levels in the
sublingual immunotherapy arm. Three studies demonstrated improvement with sublingual
immunotherapy when compared with placebo during peak season or the entire pollen
season. 0142188 Ty studies demonstrated significant improvement pre- versus post-treatment in
the sublingual arms. 2414

We conclude that there is moderate grade evidence that sublingual immunotherapy reduces
conjunctivitis symptoms based on 13 studies (Table 28).
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Table 28. Body of evidence for sublingual immunotherapy affecting conjunctivitis symptoms

Number of Risk of Direction . Magnitude
Study Allergen Comparator Participants Bias of Change Directness of Effect

Sabbah . SLIT . . Could not
199442 Grass mix Placebo 58 Medium + Direct determine*
de Bla SLIT . . Could not
2007" )/ Grass mix Placebo 118 Medium + Direct determine*
Panzner . SLIT .
2008140 Grass mix Placebo-SLIT 35 Low + Direct Strong
Moreno- .
Ancillo, Grass mix SLIT 105 Low + Direct Moderate
2007253 and Olive Placebo
Tari . SLIT .
19907 Dust mite Placebo 58 Low + Direct Weak
deBot . SLIT . . Could not
501123 Dust mite Placebo 257 High + Direct determine*
Lima . SLIT . Could not
20027 Timothy Placebo 56 Low + Direct determine*
Bowen SLIT . . Could not
2004132 Ragweed Placebo 83 Medium - Direct determine*
D'Ambrosio . . SLIT . . Could not
1999124 Parietaria Placebo 30 Medium + Direct determine*
Pajno S SLIT . Could not
200416 Parietaria Placebo 30 Low NR Direct determine*
Vervloet, Mountain SLIT . .
2007162 Cedar Placebo 76 High + Direct Weak
Vourdas, . SLIT . .
1998163 Olive Placebo 70 Medium + Direct Strong
Valovllgga, High dose High dose High dose:
2006 . . + . Strong

. Tree Mix Low dose 98 Medium Direct .
Savolainen, Placebo Low dose Low dose:
2006'"° + Moderate

+ = positive; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Medication Use

Medications scores were reported in 40 of the sublingual immunotherapy trials included in
this review (Ap endix E Evidence Table E8) 44,45117,120,121,127,130-133,135,137-142,146,147,149,151,154,156,159-
165,167,168 123,124, Bt 153 5m 10017 However, two studies were not included in the grading of the
body of eV|dence due to the lack of a control group not receiving sublingual
immunotherapy.***®* Therefore, 38 studies were included in grading this body of evidence
(Table 29). All of the studies used some type of numeric scoring scale for medication use, but
none of the scales or scoring appeared to be validated or consistent between studies. The duration
of assessment of medication scores ranged from one pollen season up to 5 years. The medication
use that was scored varied from study to study and included such medications as inhaled beta-
agonists and corticosteroids for control of pulmonary symptoms as well as oral antihistamines
and intranasal corticosteroids.

Forty-seven percent of the studies reporting medication scores in the body of evidence
demonstrated significant improvement in this domain with sublingual immunotherapy. Fifteen of
the 38 studies with medication scores reported significant improvement in medication scores
when compared with controls, #44>117125.133.138,140.143,146,147.158, 162, 165.168.176 1y £or of these studies
the comparator group was pharmacotherapy or conventional treatment,*>**443147 and in the
remaining 11 studies the comparator was placebo. Five studies demonstrated significant
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improvement in pre-treatment versus post-treatment medication scores in the sublingual

immunotherapy arms.

44,120,124,143,161

Grass mix was the most frequently studied allergen, with 9 studies reporting medication
scores; five showed benefit from sublingual immunotherapy,***3840:2421%% bt four studies
demonstrated no improvement.*¥14167.17 Medication scores were reported in 8 studies with

dust mite; of these, two studies found statistically significant improvement in medications
121,130,131,154,156,159 Five

scores, 117120

while six did not show significant benefit in medication use.

trials of Parietaria immunotherapy studies reported medication scores; three showed significant

improvement,

124,161,176

while two found no improvement.

144,160

The two studies that did not include a non-sublingual control group were not included in the
body of evidence. One compared co-seasonal to continuous grass sublingual immunotherapy and
found no significant difference in medication scores.'® The second study compared 3, 4, and 5
years of dust mite sublingual immunotherapy.'*® After 20 years, the longest treatment group had
a stronger magnitude of effect when compared with the shortest treatment group.

We conclude that there is moderate grade evidence that sublingual immunotherapy reduces
medication use based on 38 studies with 2724 subjects (Table 29).

Table 29. Body of evidence for sublingual immunotherapy affecting medication use

Study Allergen Comparator P’\el;;trr cti)s;r?tfs RliasiI;Sof Ol?i(r:ehc;inogne Directness Maggfiftgéjte of
;gg)%qn Dust mite IEILaI(-:rebo 27 Low + Direct Strong
;386120 Dust mite IEILalgebo 20 Medium + Direct Moderate

ICS + ICS: Weak
2‘386121 Dust mite Ii:;;-crebo 110 High i’?_": Direct Eﬁ ggggg

OC + OC: Strong
;—882930 Dust mite IEILalgebo 63 Medium Eﬁ: Direct 2'3 mgggg{i
(2381551’59 Dust mite Ii:;;-crebo 72 Medium + Direct Weak
W owmie S, | | wesm | g | owea | ool
28?5}31 Dust mite IEILaI gebo 257 High + Direct d%ct)::riir;lc:*
Bush _ High dose _ _
201115 Dust mite Low dose 31 Medium + Direct Weak

Placebo

%38139 Grass mix ﬁ:‘al (-:rebo 213 Medium + Direct Weak
5887(3{41 Grass mix IEILaI gebo 204 Low - Direct d%ct)::riir;lc:*
Egggﬁsgi’ Grass mix IEII;\I -crebo 34 Medium + Direct dccin(t)grlr?]i%zt*
]FEE;%?ALEI’ Grass mix ﬁ:‘al Iebo 126 Medium + Direct d%(t);:riir;g*
3808;?% Grass mix IEILalgebo 118 Medium + Direct Moderate
fggfﬁg Grass Mix Ii:;;-crebo 58 Medium + Direct Strong
;gg;&gr Grass mix Iillzjll(-:rebo-SLlT 35 Low + Direct Strong
g/loagg na Grass Mix Stg(-esonide 51 Medium + Direct Strong
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Table 29. Body of evidence for sublin

ual immunotherapy affecting medication use (continued)

. Direction .
Study Allergen Comparator Numper of ngk of of Directness Magnitude of
Participants Bias Effect
Change
Novembre . SLIT . . Could not
2004138 Grass Mix Control 113 High + Direct determine*
D'Ambrosio . . SLIT . .
1999124 Parietaria Placebo 30 Medium + Direct Strong
La Rosa, . . SLIT . Could not
19991# Parietaria Placebo 41 Low NR Direct determine*
Pajno S SLIT . Could not
200416 Parietaria Placebo 30 Low + Direct determine*
Passalacqua S SLIT .
1999161 Parietaria Placebo 30 Low + Direct Moderate
Lima . SLIT . Could not
2002237 Timothy Placebo 56 Low + Direct determine*
SLIT
Amar, ' Monotherapy .
2009152 Timothy SLIT Multiple 58 Low + Direct Weak
Placebo
Makino Japanese | SLIT . .
2010138 Cedar Placebo 25 Medium + Direct Weak
Okubo Japanese | SLIT . .
20082’ Cedar Placebo 61 Medium + Direct Weak
Vervloet, Mountain SLIT . .
2007162 cedar Placebo 76 High + Direct Strong
Bowen SLIT . .
2004132 Ragweed Placebo 83 Medium + Direct Weak
High Dose
i Stron
Skoner Short High dose . g
133 Low dose 115 Low + Direct
2010 ragweed
Placebo Low dose
Moderate
Marogna White SLIT . .
2005146 birch Placebo 79 Medium + Direct Strong
Marogna . SLIT . .
201095 Birch Montelukast 33 High + Direct Strong
OC+
Vourdas, . SLIT . NR for . Could not
1998163 Olive Placebo 70 Medium other Direct determine*
medicatio
ns
Alternaria
Pozzan SLIT . .
2010 169 Placebo 52 Medium + Direct Strong
Cortellini . SLIT . .
20103 Alternaria Placebo 27 High + Direct Strong
Valovirt High dose High dose:
2(6;‘0(23\”{6;i High dose + Moderate
. Tree mix Low dose 98 Medium Direct
Savolainen
200617 Placebo Low dose Low dose:
+ Weak
Voltolini . SLIT . .
2001143 Tree mix medication 30 Medium + Direct Strong
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Table 29. Body of evidence for sublingual immunotherapy affecting medication use (continued)

. Direction .
Study Allergen Comparator N“’T“?er of ngk of of Directness Magnitude of
Participants Bias Effect
Change
SLIT - birch
SLIT - grass
Marogna Birch and SLIT . .
2006 47 Grass Birchigrass 48 Medium + Direct Strong
Pharmaco-
therapy
Moreno- .
Ancillo, Gr_ass mix | SLIT 105 Low + Direct Weak
153 Olive tree | Placebo
2007
BA + BA:
Bahceciler Grass mix | SLIT . . Moderate
20018 and Olive | Placebo 15 Medium INS + Direct INS: Strong
ICS + .
ICS: Strong

+ = positive; - = negative; AH = antihistamine; BA = beta agonist; ICS = inhaled corticosteroid; INS = intranasal steroid;
NR = not reported; OC = oral corticosteroids; SLIT = sublingual immunotherapy; TH = theophylline
*Data provided in the article was not enough to calculate the direction of change or magnitude of effect.

Combined Symptom and Medication Scores

Combined symptom plus medication scores were reported in 21 of the sublingual
immunotherapy studies included in this review and involved 1312 subjects (Appendix E,
Evidence Table E9)'43,126-128,134,135,138,139,159,161,164,166 122-124,133,143,144,147,149,153 HOWGVGI’, 2 studies
did not include a non-sublingual comparator group and were not included in the body of
evidence grading.****** Therefore, 19 studies were included in the body of evidence grading
(Table 30).

All of the studies used some type of numeric scoring scale for the combination score, but
none of the scales or scoring appeared to be validated or consistent between studies. The duration
of assessment of medication scores ranged from one pollen season up to 4 years. The symptoms
scored as part of the studies were combined nasal, eye, and bronchial in the majority of studies;
exceptions were five studies that included only nasal symptoms. ?128:1351%% The medications
scored varied from study to study and included such medications as inhaled beta-agonists and
corticosteroids for control of pulmonary symptoms as well as oral antihistamines and intranasal
corticosteroids.

Thirteen (68%) of the studies reporting a combination symptom plus medication score
demonstrated significant improvement in scores with sublingual immunotherapy. Ten of the 13
studies with combination symptom plus medication scores reported significant improvement in
medication scores when compared with controls.*3122123.126.128.133,143,148.139.166 |y three of these
studies, the comparator groups was pharmacotherapy/conventional treatment,***?**** and in the
remaining seven studies the comparator was placebo. Five studies demonstrated significant
improvement in pre-treatment versus post-treatment medication scores in the sublingual
immunotherapy arms. 2212414715981 Three stydies of Parietaria allergen reported combination
symptom plus medications scores: all three found significant improvement in scores.**24161
Four studies of Japanese cedar allergen*?®*81%* produced mixed results, as did three grass mix
StUdieS.138'139’166

The two studies not included in the body of evidence compared different sublingual
groups.*¥*®* One compared differing lengths of dust mite sublingual immunotherapy, but p-
values were not reported and magnitude of effect was unable to be determined. The second study
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compared co-seasonal to continuous sublingual immunotherapy and found no difference in

reported medication plus symptom score.
We conclude that there is moderate grade evidence that sublingual immunotherapy reduces
medication use and improves symptom control (Table 30).

Table 30. Body of evidence that sublingual immunotherapy affects combined medication use and

symptoms
. Direction .
Study Allergen Comparators Numper of ngk of of Directness Magnitude
Participants Bias Change of Effect
Horiguchi, Japanese | SLIT . . Could not
2007'%° cedar Placebo 67 Medium * Direct determine*
Okubo Japanese | SLIT . . Could not
2008’ cedar Placebo 61 Medium * Direct determine*
Makino Japanese | SLIT . . Could not
2010 cedar Placebo 25 Medium * Direct determine*
Fujimura Japanese | SLIT . Could not
2011'%® cedar Placebo 103 Low NR Direct determine*
D'Ambrosio . . SLIT . .
1999124 Parietaria Placebo 30 Medium + Direct Strong
Passalacqua S SLIT .
1999161 Parietaria Placebo 30 Low + Direct Weak
D'Ambrosio . . SLIT . . Could not
1996* Parietania | b maco-therapy 40 High * Direct determine*
Novembre SLIT . . Could not
2004 Grass Mix | Control 113 High * Direct determine*
ott, SLIT . .
2008 Grass mix | Placebo 113 Medium + Direct Weak
Pfaar, SLIT . .
2007168 Grass mix | Placebo 185 Medium + Direct Strong
Guez, . SLIT . .
2000259 Dust mite Placebo 72 Medium + Direct Weak
Cortellini . SLIT . . Could not
2010123 Alternaria Placebo 27 High + Direct determine*
Di Rienz, Mountain SLIT . .
200653 cedar Placebo 34 High + Direct Weak
Voltolini . SLIT . . Could not
2001243 Tree Mix Medications 20 Medium + Direct determine*
Skoner High dose
133 Ragweed Low dose 115 Low + Direct Strong
2010
Placeho
Moreno- .
Ancillo Grass .M'X SUT 105 Low + Direct Weak
153 and Olive Placebo
2007
Dust mite, | 8-day induction
Sambugaro grass mix, | 15-day induction . .
2003'% ragweed, | 20-day induction 58 Medium * Direct Strong
Parietaria | Untreated
Dust mite,
Marogna birch, SLIT . .
20088 grass mix, | Control 216 Medium + Direct Strong
Parietaria
Birch, SLIT - birch
Marogna, grass, SLIT - grass . .
2006947 birch plus | SLIT Birch/grass 48 Medium * Direct Strong
grass Pharmaco-therapy

+ = positive; NR = not reported; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.
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Quality of Life

Quality of life was reported in eight studies involving 819subjects.
The instrument used to assess quality of life was a validated, disease-specific instrument: The
Rhinoconjunctivitis Quality of Life questionnaire (Adult, Pediatric, Adolescent, and Japanese
language versions). Four of the eight studies reported significant improvement in disease-specific
quality of life when compared with placebo.?"*?813413> (Appendix E, Evidence Table E11). Two
studies reported significant improvement in the sublingual immunotherapy group when
comparing initial to final quality of life scores.****>> One study found no improvement in quality

127,128,131,134,135,141,153,155

of life either compared with control group or with pre-treatment quality of life scores.

141

We concluded that there is moderate grade evidence that sublingual immunotherapy
improves disease-specific quality of life (Table 31).

Table 31. Body of evidence that sublingual immunotherapy affects disease-specific quality of life

Quality of . Direction .
Study Life Allergen | Comparator N“mt.’er of ngk of of Directness Magnitude
Participants Bias of Effect
Measure Change
Okubo Japanese Japanese | SLIT . .
20087 RQLQl cedar Placebo 61 Medium + Direct Strong
Makino Japanese Japanese | SLIT . . Could not
2010 | RQLQ! cedar Placebo 25 Medium * Direct determine*
Fujimura | Japanese Japanese | SLIT . Could not
2011 | RQLQ! cedar Placebo 103 Low * Direct determine*
O'Hehir 1 . SLIT . . Could not
2009%° RQLQ Dust mite Placebo 30 High + Direct determine*
Di Rienz 1 Mountain SLIT . .
20063 RQLQ cedar Placebo 34 Medium + Direct Strong
Moreno- .
Ancillo RQLQ1 Grissl_mlx S:‘IT b 105 Medium + Direct Moderate
2007153 and Olive Placebo
Pediatric _ Could not
deBot ROQLQ! ST determine*
eBo . . .
501123 Dust mite Placebo 257 High Direct
Adolescent Could not
RQLQ' - determine*
Pediatric _ Could not
Roder RQLQ! ST determine*
200714 Grass mix Placebo 204 Low Direct
Adolescent Could not
RQLQ! + determine*

+ = positive; - = negative; RQLQ = Rhinoconjunctivitis Quality of Life Questionnaire; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Pulmonary Function Testing and Chemical Bronchial Provocation
Pulmonary function testing results were reported in 14 studies involving 1375 subjects
(Appendix E, Evidence Table E10). Pulmonary function results described here are from studies

where subjects had a diagnosis of asthma that was objectively confirmed with methods other

than clinical impression. As pulmonary function tests are not a direct clinical outcome, this

evidence was not graded as a body of evidence. The studies reported measures of pulmonary
function, but were heterogeneous in terms of which measures were reported: FEV1 was most

commonly reported, but other measures included percent of patients with a positive
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methacholine challenge, peak expiratory flow rate (PEF), forced vital capacity (FVC), and PD20,
the dose a substance administered by aerosol, which causes the FEV1 to fall by 20 percent.

All studies reported either significant improvement compared with controls or when
considering pre- versus post-treatment pulmonary function. Six of ten studies reported a
significant improvement when comparing pre-treatment to post-treatment FEV1 in groups
treated with sublingual immunotherapy,**®*?#14715%.1 and two reported a significant
improvement in the FEV1 of the sublingual immunotherapy group when compared with
controls.**?? Two trials reported a significant decrease in the number of participants with a
positive methacholine challenge in the sublingual immunotherapy group when compared with
controls.**>** Four studies reported a significant decrease in PD20 compared with
controls,** 4147149 "and three also demonstrated significant improvement when comparing post-
treatment to pre-treatment scores.******" We did not grade the evidence for indirect outcomes
such as pulmonary function test results. However, we observed that sublingual immunotherapy
consistently improves measure of pulmonary function in the allergic asthmatic population.

Allergen Challenge (Provocation)

Ten studies of sublingual immunotherapy studies challenged subjects to specific allergen
after treatment in order to quantify symptoms (Appendix E, Evidence Table E11). Six studies
used nasal provocation, 29143131 154157.161 Threa stydies performed conjunctival provocation tests.
123137144 One study provoked cat-allergic subjects by having them remain in a “cat allergen”
room.'" Seventy percent of the studies using a specific ocular or nasal allergen challenge
reported a significant improvement in symptoms in the sublingual immunotherapy groups. Two
studies used bronchial challenges.**®*" Both studies found significant improvement in
pulmonary function testing with the dust mite bronchial challenge after sublingual
immunotherapy.

Long-Term Outcomes: Disease Modification, Disease Prevention

In our review, we sought information regarding long-term outcomes in allergic rhinitis and
asthma (Appendix E, Evidence Table E12). Disease modification in asthma was addressed in
two studies included in this review.?*** A study by Niu et al found that sublingual
immunotherapy with dust mite in children (ages 6 to 12 years) decreased the severity of asthma
over 6 months of treatment when compared with controls (p=0.043).**> Severity in this study
was determined by a global assessment by physicians unfamiliar with the patient who reviewed
the asthma scores, medication consumption, and pulmonary function tests. In a study of 216
children undergoing sublingual immunotherapy with dust mite, tree, and grass, Marogna found a
signifiﬁgntly lower percentage of children with mild persistent asthma at the conclusion of the
study.

Asthma prevention was reported in one of the sublingual immunotherapy studies,**® and in
one 8-year followup to a prior study. *** Novembre et al. found that grass pollen sublingual
immunotherapy in children significantly decreased the development of asthma over 3 years;**®
controls in this study developed asthma 3.8 times more frequently. However, in the 8-year
follow-up study, 2 years of sublingual immunotherapy had no asthma preventative effect.***

Prevention of new allergy sensitivities was discussed in three studies. Marogna found that
treatment with multi-antigen sublingual immunotherapy (dust mite, birch, weeds, and grass mix)
decreased the development of new skin sensitizations significantly (p=0.01);'* he reported in a
second study that the proportion of children with new allergen skin sensitivities was significantly
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decreased after 3 years.**® However, in a different study with 8-year follow-up, there was no
preventative effect on the development of new sensitivities 2 years after Parietaria sublingual
immunotherapy. *** In a 2010 study by Marogna comparing 3, 4, and 5 years of sublingual
immunotherapy; in the 5 year group, 11.7 percent developed new sensitivities compared with
21.4 percent in the 3 year group.

Other Outcomes

Adherence

Adherence and compliance were discussed infrequently in the articles, but were discussed by
Marogna.*> Adherence was determined by measuring the amount of remaining extract in
returned vials compared with expected consumption as prescribed: poor adherence was less than
40 percent consumption, insufficient was less than 60 percent consumption, good was 60 to 80
percent consumption, and excellent was more than 80 percent consumption. Adherence was
found to be excellent in 76 percent of subjects and good in 18 percent of subjects. In a second
study by the same author, adherence was found to be excellent in 74 percent of subjects.’*®
Another study reported that 14 percent of subjects had poor compliance, and 48 percent of
subjects forgot to take their medications from time to time.200 In a 2010 study of 15 patients,
adherence was greater than 80 percent in 10 subjects, and greater than 60 percent in five
subjects.*> Another 2010 study found adherence 85-95 percent determined by the residual
volume of extract in returned vials'?® (Appendix E, Evidence Table E11).

Single Versus Multiple Antigen Sublingual Immunotherapy

Two sublingual studies included in this review examined single versus multi-antigen
immunotherapy.*"*** The first of these articles, by Amar, compared Timothy Grass
monotherapy to Timothy Grass multi-antigen therapy, consisting of Timothy Grass plus 9 other
allergens.™" This study included one outcome of interest to the current review, nasal allergen
challenge. While nasal challenge with Timothy Grass yielded significantly better results when
comparing timothy monotherapy to placebo, there was no difference in Timothy Grass multi-
antigen versus placebo. In Marogna’s paper, 3 groups were compared: sublingual birch,
sublingual birch plus grass, and pharmacotherapy.**’ Marogna found that the multi-antigen
treatment group had significantly greater improvement in clinical symptoms when compared
with the single antigen group. The data is insufficient to comment on effectiveness of single
versus multiple antigen sublingual immunotherapy.

Biomarkers

During the course of the review, the number of studies reporting select biomarkers was
recorded: 1gG total, IgG4, and IgE. Eleven studies reported changes in specific 1gG, 28 study-
specific 1gG4, and 32 IgE (total and/or specific IgE (Appendix E, Evidence Table E13).

Conclusion: Summary of Evidence for Key Question 1

When considering the key evidence for the efficacy and effectiveness of sublingual
immunotherapy in the treatment of allergic rhinoconjunctivitis and/or asthma, the pertinent
clinical outcomes include symptom scores, medication use, and quality of life. Pulmonary
function testing is a useful, objective, indirect measure of asthma that can be measured by
clinicians in the office.
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The strength of evidence regarding the effectiveness of sublingual immunotherapy is
moderately supportive that this treatment improves clinical outcomes (Table 32).
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Table 32. Summary of strength

of evidence regarding the effectiveness of sublingual immunotherapy

Number of Strenath
Studies/ Overall Risk | Direction of . . Magnitude of : g
Qutcome . Consistency Directness Studies of
Number of of Bias Change Effect .
I Evidence
Participants
1 high 10 strong
Asthma 13/625 8 medium 13 positive Consistent Direct 1 moderate 2 studies W'th low RofB AND High
Symptoms 1 weak strong magnitude
4 low
1 CND
Rhinitis or . 9 strong 1 study with low RofB AND
Rhino- 5 high 5 moderate strong magnitude
. L 35/2658 20 medium 35 positive Consistent Direct . . . Moderate
conjunctivitis 10 low 8 weak 6 studies with medium RofB
Symptoms 13 CND AND strong magnitude
Asthma plus 2 studies with medium RofB
Rhinitis c?r AND strong magnitude
Rhino- 4 positive 2 strong 1 study with medium RofB
coniunctivitis 57308 5 medium 1NR Consistent Direct 1 moderate and moderate magnitude Moderate
Jur 1+/-* 2 CND 2 studies with medium RofB
Combined .
Svmbtoms and magnitude not
ymp determinable
5 studies with low RofB AND
1 of these with strong
3 stron magnitude
Coniunctivitis 2 high 11 positive 2 modegrate 6 studies with medium RofB
4 13/1074 6 medium 1 negative Consistent Direct AND 1 of these with strong Moderate
Symptoms 2 weak .
5 low 1NR 7 CND magnitude

7 studies with insufficient
data to determine magnitude
of effect
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Table 32. Summary of strength

of evidence regarding the effectiveness of sublingual immunothera

y (continued)

Outcome

Number of
Studies/
Number of
Participants

Overall Risk
of Bias

Direction of
Change

Consistency

Directness

Magnitude
of Effect

Studies

Strength
of
Evidence

Medication Use

38172724

6 high
22 medium
10 low

33 positive
1 negative
1NR

3 +-*

Consistent

Direct

13 strong
4 moderate
8 weak

10 CND

3 s/m/w*

10 studies with low RofB; 2 of
these with strong magnitude; 2
with low magnitude of effect
and 4 of these with magnitude
not determinable

22 studies with medium RofB
;7 of these with strong
magnitude, 6 of these with low
magnitude of effect

6 studies with high RofB AND
3 of these with strong
magnitude

9 studies with insufficient data
to determine magnitude of
effect

Moderate

Combined
Medication plus
Symptoms

19/ 1462

4 high
11 medium
4 low

18 positive
1NR

Consistent

Direct

6 strong
5 weak
8 CND

4 studies with low RofB: 1 of
these with strong magnitude
and 2 with low magnitude

11 studies with medium RofB
AND 5 of these with strong
magnitude

8 studies with insufficient data
to determine magnitude of
effect

4 studies with high RofB, 3 of
these insufficient data to
determine magnitude of effect

Moderate

Disease-
Specific Quality
of Life

8/819

2 high
4 medium
2 low

6 positive
1 negative
1+/-*

Consistent

Direct

2 strong
1 moderate
5 CND

4 studies with medium RofB
AND 2 of these with strong
magnitude

2 studies with low RofB AND
insufficient data to determine
magnitude of effect

5 studies with insufficient data
to determine magnitude of
effect

Moderate

+ = positive; - = negative; s: strong, m moderate, w weakCND = could not determine; NR = not reported; RofB = risk of bias
*Different direction or magnitude depending on comparators.
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Key Question 2. What is the evidence for the safety of sublingual
Immunotherapy in patients with allergic rhinitis/rhinoconjunctivitis and/or
asthma?

Key Points

Local reactions (occurring at the site of allergen administration) were common across
trials

Systemic reactions were uncommon

No life threatening systemic reactions or anaphylaxis were reported in these trials

No deaths were reported

Figure 14 shows the distribution of events by location and severity. The graph shows only
adverse events reported in the immunotherapy arms.

Figure 14. Sublingual immunotherapy safety data by location and severity
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We evaluated the safety of sublingual immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma by assessing the harms or adverse events reported in the
included studies.
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All 60 sublingual articles were analyzed for safety data. The studies did not uniformly report
safety information, although 73 percent commented on safety,**:}18:121122.125-127,129-132,134,136-
142,144-149,151-157,159,160,162,163,166-169,172-175,177 The Safety data were not reported in any Consistent
manner between studies, as there is no standard system for grading adverse events associated
with sublingual immunotherapy. Because of the lack of a standard grading system and the
heterogeneous reporting systems used by the different studies, the safety outcomes are presented
descriptively and we conclude that the evidence is insufficient to comment about safety.

Local reactions were much more frequent in the groups receiving sublingual immunotherapy
than in the comparator groups. In those studies in which local reactions occurred and were
reported by percent of patients affected, the percent of subjects receiving immunotherapy with
local reactions ranged from 0.2 to 97 percent. The placebo groups in which local reactions were
reported ranged from 3 to 38.5 percent (Appendix E, Evidence Table E14). The local reactions
were mild or unspecified in severity

Systemic reactions were more common in the groups receiving sublingual immunotherapy
than in comparator groups. The reactions ranged from ocular, rhinitis/nasal, respiratory/asthma,
cutaneous, gastrointestinal and cardiovascular Overall, there were few severe systemic reactions
with a small number of exceptions: in one study, severe rhinitis was reported in subjects that
exceeded their maximum dose of immunotherapy; in this same study, severe asthma symptoms
were reported in subjects that exceeded their maximum dose.'®" These adverse events resolved
when these subjects returned to a lower dose. There were no reported episodes of anaphylaxis,
life threatening reactions, or death in any of the treated subjects across studies.

Key Points: Pediatric Studies
e Local reactions (occurring at the site of allergen administration) were more common
across trials
e Systemic reactions were less common
e No life threatening systemic reactions or anaphylaxis were reported in these trials
¢ No deaths were reported

Evidence Synthesis

All eighteen articles about sublingual immunotherapy in children were analyzed for safety
data. The studies did not uniformly report safety information, and 15 studies (83%) commented
on safety.117'131'138'144'148'152'154'157'163'168,121'130'164'178 The safety data was not reported in any
consistent manner between studies, as there is no standard system for grading adverse events
associated with sublingual immunotherapy. Because of the lack of a standard grading system and
the heterogeneous reporting systems used by the different studies, the safety outcomes are
presented descriptively and we concluded that the evidence is insufficient to comment about
safety.

Local reactions were reported in 12 studies and were more frequent in the groups receiving
sublingual immunotherapy than in the comparator groups. The local reactions were mild or
unspecified. Three small studies reported local adverse reactions by number of events, and the
average number of episodes of local reactions per participant in the sublingual arm ranged from
25 to 40 per 100 participants.******1% Local reactions were also reported in the placebo arms,
ranging from seven to 19 per 100 participants (Appendix G, Evidence Table G31). Seven studies
reported local reactions by percent of patients affected, and the percent of sublingual subjects
with local reactions ranged from 0.7 to 50 percent,t!7131138148152.163.168 Three studies reported
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local reactions in the placebo group ranging from 14 to 25 percent™**°21% (Appendix G,
Evidence Table G31).

Overall, there were few systemic reactions reported in eight studies. The reactions ranged
from (in order of greatest to least number of studies reporting event): gastrointestinal, cutaneous,
respiratory/asthma, cardiovascular, and rhinitis/nasal. Eight studies compared the occurrence of
reactions in the sublingual and placebo arms, 17 131138.144.152.154 163,168 |, g of these studies,
cutaneous systemic reactions were noted in 1.9 percent of 54 patients receiving sublingual
immunotherapy, comparable to or less than the two placebo arms of 1.7 percent and 9.8
percent.™*® The other comparative study described a greater number of gastrointestinal events
(nausea, abdominal pain, diarrhea) and reported 95 events per 100 patients receiving sublingual
immunotherapy (20 patients in SLIT arm) compared with 5 events per 100 patients in the
placebo arm (21 patients in placebo arm).*** Another study had greater numbers of patients with
65 percent experiencing respiratory reactions in the placebo group compared with 57 percent of
patients in the sublingual immunotherapy group.*** Three studies reported cutaneous systemic
reactions (rash, urticaria, angioedema) as percentage of patients, ranging from 0.7 percent in a
study with 144 patients to 10 percent of patients in a study with 30 patients*®**4>" Four studies
reported gastrointestinal events as percent of patients with reactions, ranging from 0.7 to 11.4
percent. 138148137168 56 stydy reported rhinitis/nasal reactions with 0.7 events per 100 patients
(1 asthma event/144 patients in SLIT arm).**® Two studies reported lower respiratory reactions as
percent of patients, ranging from 7 percent in a study with 15 patients per arm to 34 percent in a
study with 32 patients per arm.*>***" While few severe systemic reactions were reported, in one
of these studies, severe rhinitis and severe asthma symptoms were reported in subjects that
exceeded their maximum dose.™’ These adverse events resolved when these subjects returned to
a lower dose. There were no reported episodes of anaphylaxis, life threatening reactions, or death
in any of the treated subjects across studies.

Conclusion: Summary of Evidence for Key Question 2

The lack of consistent reporting and grading systems for sublingual immunotherapy made it
impossible to pool safety data across studies. Furthermore, not all studies reported safety data.
However, it appears that local reactions are common but mild. Systemic reactions can occur but
are infrequent; no life-threatening reactions, anaphylaxis, or deaths were reported. The evidence
is insufficient to comment on the safety of sublingual immunotherapy, both in adult and pediatric
studies.

Key Question 3. Is the safety and effectiveness of sublingual
immunotherapy different in distinct subpopulations with allergic
rhinitis/rhinoconjunctivitis and/or asthma?

Key Points
e The evidence is insufficient to comment on the effectiveness of sublingual
immunotherapy in the following subpopulations: the elderly, pregnant women,
minorities, inner-city, and rural residents, and severe asthmatics.
e There is low evidence to support that there is difference in the effectiveness of sublingual
immunotherapy for treating mono-sensitized individuals and poly-sensitized individuals.
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Our review sought information on particular subgroups of patient populations of interest,
including pediatric, the elderly, pregnant, minorities, and inner-city versus rural subjects. The
reviewed articles did not present specific data on the following subgroups: elderly, pregnant
women, minorities, inner-city, and rural residents. The articles in general excluded subjects with
severe asthma. Insufficient data exist to comment on these subpopulations. However, 32 percent
of the studies were performed on mono-sensitized subjects (Table 26-General summary table
SLIT). There appears to be no consistent difference in effectiveness when considering mono-
sensitized compared with poly-sensitized subjects and the effect of sublingual immunotherapy.
Eighteen pediatric studies of sublingual immunotherapy were reviewed as a distinct
subpopulation.

Sublingual Immunotherapy in the Pediatric Population

Eighteen studies focused exclusively on
ChiIdrenll7,120,121,130,131,138,141,144,148,152,154,157,158,160,163,164,168,171 and four studies included both
children and adults*>*>1%17% The subgroup analysis for the pediatric population evaluates the
18 studies that only include children 18 years of age or younger. All articles included were
randomized controlled trials which reported clinical outcomes. These 18 articles with a total of
1583 subjects comprised the evidence base to answer the Key Questions regarding sublingual
immunotherapy for inhalant allergens in the pediatric population. The publication dates of the
included studies ranged from 1990 through 2011. The publications originated from Europe and
Asia. The primary diagnoses of the subjects studied in the articles included: asthma in three
studies;**"*2212! rhinitis in two studies;**** rhinoconjunctivitis in four studies; 34144152
asthma and rhinitis in four studies;'*®****>"1¥ and asthma with rhinoconjunctivitis in five
studies®0163:164.188171 (Appendix G, Evidence Table G18).

Studies included perennial and/or seasonal allergens. There were nine studies each evaluating
perennial and seasonal allergens for sublingual immunotherapy (Appendix G, Evidence Table
G18). When considering the specific types of allergens used in the studies, these allergens were
used from greatest to least frequency: dust mite (9 studies) 7120121.130.13L154 157,158,171 g raqs (4
studies), 81415215 tree (2 studies),**31%® weeds (2 studies)****® and mixed or multiple allergens
(1 study).*® (Figure 4, SLIT Studies by Allergen) The majority of the studies used multiple
allergens (60%), with the remaining studies using only one allergen (40%) in their study
protocols. Eleven studies (61%) required no prior history of
immunotherapy, !7:120-130138.148.152 154 157, 158.16.171 Eight studies (44%) focused on monosensitized
individuals.117'120'130'138'144'152'158'171

The funding sources for the studies included the following, from most common to least
common: industry, not stated, government, nonprofit, and other. Eleven studies (61%) had
industry support, either partial or complete funding or received supplies from industry. Four
studies did not identify the funding source for their study. One study was funded by academia. *°

All included sublingual immunotherapy studies had at least one comparator group. The
comparator group(s) included the following (Appendix G, Evidence Table G20): placebo (15
studies), other sublingual comparator group (3 studies), conventional treatment
(pharmacotherapy) or symptomatic therapy comparator group (2 studies, 20%). All studies
allowed either conventional pharmacotherapy (12 studies) or only rescue allergy medications (6
studies) during the study. Maintenance dosing interval varied from daily to twice a week.
Duration of treatment of the included studies ranged from 6 months to 3 years. Studies used
various units to report dosing, and many studies did not include a cumulative dose. Subjects

2
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ranged from 4 t018 years of age. All studies that reported sex included both boys and girls. The
range of means for duration of disease was 1 to 5.2 years.

Key Points

The efficacy and effectiveness of sublingual immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma were evaluated in these categories of treatment effect:
clinical endpoints, long-term outcomes, biomarker endpoints, convenience of therapy,
and adherence to therapy.

Pertinent clinical outcomes evaluated include symptom scores, medication use, and
quality of life.

High strength of evidence exists for the benefit of sublingual immunotherapy in asthma
symptom control versus control groups, based on nine randomized controlled trials with
471 subjects.

Moderate strength of evidence exists for the benefit of sublingual immunotherapy in
asthma plus rhinitis/rhinoconjunctivitis (asthma combined scores) symptom control
versus control groups, based on one randomized controlled trial with 98 subjects.
Moderate strength of evidence exists for the benefit of sublingual immunotherapy in
rhinitis/rhinoconjunctivitis symptom control versus control groups based on 12
randomized controlled trials with 1065 subjects.

Moderate strength of evidence exists for the benefit of sublingual immunotherapy in
control of conjunctivitis symptoms versus control groups, based on five randomized
controlled trials with 513 subjects.

Moderate strength of evidence exists for the benefit of sublingual immunotherapy versus
control on decreasing medication use, based on 13 randomized controlled trials with 1078
subjects.

Low strength of evidence exists for the benefit of sublingual immunotherapy versus
control on improving allergy symptoms plus decreasing medication use based on two
randomized controlled trials with 329 subjects.

Insufficient evidence exists for the benefit of sublingual immunotherapy versus control
on improving disease-specific quality of life, based on two randomized controlled trial
with 461 subjects.

The overall strength of evidence for use of sublingual immunotherapy in children and
adolescents when considering all domains with pertinent clinical outcomes together is
moderate.

We evaluated the efficacy and effectiveness of sublingual immunotherapy in the treatment of
allergic rhinoconjunctivitis and/or asthma by using the following evaluable categories of
treatment effect: clinical endpoints, long-term outcomes, biomarker endpoints, convenience of
therapy, and adherence to therapy.

Asthma Symptom Control
Asthma symptom scores alone, or asthma with rhinitis/rhinoconjunctivitis symptom scores

(asthma combined scores), were reported in 11 studies (61%)

117,120,121,131,154,157,158,160,164,168,171

(Appendix G, Evidence Table G22). Asthma scores and asthma combined symptom scores were
included from studies only if objective measure of lung function were used to diagnose subjects
with asthma; studies using clinical symptoms only for the diagnosis of asthma were not included

in the asthma symptom scores analyze

d.152'163
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The types of scales used to report asthma symptoms scores were not validated or uniform.
Two studies used visual analog scores,**"**° and the remainder used purely numeric systems to
score the presence/absence of asthma symptoms and severity. 120121154157.158.160.168,17L,157, 164 110
number of participants in each study ranged from 15 to 257. The duration of assessment ranged
from one pollen season to 5 years. All of the studies used a placebo control group, except for one
study that compared SLIT given continuously versus co-seasonally,®* therefore its results are
not included in the evidence grading table. One study additionally reported rhinitis symptoms
scores and is also categorized as asthma combined symptom scores.'*® Asthma combined
symptom scores include asthma plus rhinitis or rhinoconjunctivitis symptoms.

All the studies reporting asthma symptoms scores demonstrated significant improvement in
asthma symptoms with sublingual immunotherapy. Six studies with asthma symptom scores
demonstrated significant improvement in asthma symptoms with sublingual immunotherapy
when compared with placebo;!"120121 131154180 iy sty djes demonstrated significant improvement
in pre- versus post-treatment asthma scores in the sublingual immunotherapy
arm.117,120,157,158,164,171

In seven studies, the most common single allergen used in the asthma scores was dust
mite 117120121 SLIMISTISBITL A 1| dust mite studies with asthma scores reported significant
improvement in asthma scores with sublingual immunotherapy.

Nine studies fulfilling asthma diagnosis criteria reported on asthma symptom scores and
included 471 participants. All included studies are randomized controlled trials. The overall
strength of evidence is high to support sublingual immunotherapy use to improve asthma
symptoms scores (Table 33).

Table 33. Body of evidence for sublingual immunotherapy affecting asthma symptoms in children
and adolescents

; Direction .
Study Allergen | Comparators Number of Risk of of Directness | Magnitude
Participants Bias . of Effect
Change
Paj SLIT Night: + glight:
oot [ - rong
2000""' Dustmite | pjaceno 24 Low . Direct VA
VAS Strong
5386120 Dust mite gILaIIebo 20 Medium + Direct Strong
216%6121 Dust mite gll;gebo 110 Medium + Direct Strong
ngglﬂ,z; Dust mite g:‘al ;:rebo 30 Low + Direct Strong
ggg;ggller Dust mite gll;ilzebo 15 Medium + Direct Moderate
|2p0p00?|)'1t;1 Dust mite g:; ;:rebo 86 Medium + Direct Strong
1336157 Dust mite gll;ilzebo 58 Low + Direct Moderate
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Table 33. Body of evidence for sublingual immunotherapy affecting asthma symptoms in
children and adolescents (continued)

. Direction .
Study Allergen | Comparators Nur_nk_)er of R'S‘.k of of Directness Magnitude
Participants Bias of Effect

Change*

SX:
Sx:+ Could not
gg&?ao Parietaria §|La| Iebo 30 Medium Direct de{c/e Arg:ne
VAS: + Could not
determine*
Valovi High dose: Hiah dose:
Zgo%wlretg High dose + Igtror?se-
. Tree mix | Low dose 98 Medium Direct .
Savolainen Placebo ] Low dose:
2006'"° Lowfose. Moderate

+ = positive; Night = nighttime symptom score; SLIT = sublingual immunotherapy; Sx = asthma symptom score; VAS = visual
analogue scale score

*Data provided in the article was not enough to calculate the magnitude of effect.

Asthma Plus Rhinoconjunctivitis Symptom Scores
Two trials of sublingual immunotherapy, involving 98 and 80 participants, reported
combined symptoms scores.®*'®® In the first study by Valovirta et al, the “Asthma combined
symptom score” included asthma plus rhinoconjunctivitis symptoms and used numeric scoring
systems. This study, with medium risk of bias and comparing sublingual immunotherapy to
placebo over the whole pollen season, demonstrated statistically significant positive effects on
combined asthma plus rhinoconjunctivitis symptoms with sublingual immunotherapy. The
second study by Pajno et al, was a medium risk of bias trial and compared SLIT coseasonal to
SLIT continuous, with a weak magnitude of effect. Because this study does not have a placebo
comparator, it was not included in the evidence grading.
We conclude that there is moderate evidence that sublingual immunotherapy reduces asthma
and/or rhinitis or rhinoconjunctivitis symptoms (Table 34).

Table 34. Body of evidence for sublingual immunotherapy affecting asthma plus
rhinitis/rhinoconjunctivitis symptoms in children and adolescents

Number of Risk of Direction of . Magnitude
Study Allergen | Comparator Participants Bias Change Directness of Effect
valovia. High dose High dose: + High dose:
2006 . . . Strong
. Tree mix Low dose 98 Medium Direct .
Savolainen, Placebo ) Low dose:
2006 Low dose: + Moderate
+ = positive

Rhinitis or Rhinoconjunctivitis Symptoms

Rhinitis or combined rhinitis plus conjunctivitis symptom scores were reported in 12 (67%)
of the sublingual immunotherapy articles included in this review (Appendix G, Evidence Table
G23). The types of scale used in the studies and the scoring systems were not uniform; the
articles utilized numeric point systems to grade symptoms or the mean daily total of all rhinitis
symptoms. The duration of assessment ranged from 6 months up to three years. In the studies
reporting rhinitis/rhinoconjunctivitis scores, the most common allergen used was dust mite, used
in six studies, followed by grass mix and Parietaria in two studies each , and olive or tree mix in
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one study each. The comparator group was placebo in all studies. One study also compared high
and low dose sublingual immunotherapy.*®®

Overall, five of the 12 (42%) sublingual immunotherapy studies reporting rhinoconjunctivitis
symptoms demonstrated significant improvement in allergic rhinoconjunctivitis scores with
sublingual immunotherapy. Eleven studies compared sublingual immunotherapy to placebo, and
two of these eleven studies (18%) found significant improvement in rhinitis/rhinoconjunctivitis
scores with sublingual immunotherapy. ****®® Four studies compared pretreatment to post-
treatment rhinoconjunctivitis symptom scores in the sublingual immunotherapy study
group, 30137138171 and significant improvement was found in three of the four studies.

We conclude that there is moderate grade evidence that sublingual immunotherapy improves
control of rhinitis or rhinoconjunctivitis symptoms (Table 35).

157,158,171

Table 35. Body of evidence for sublingual immunotherapy for rhinitis/rhinoconjunctivitis
symptoms in children and adolescents

Study Allergen Comparators Pl\;l#trinc?s;r?tfs R:;il;:f OEf)il(’:ehc;:qogne Directness Moafggfift;gte
;gg?lril Grass mix g:;; ;I:-ebo 204 Low + Direct Weak
l;lg(\)/jrpskgre Grass mix glt_)lr;l;rol 113 High + Direct dce(t)grlg]ir:]oet*
;—882930 Dust mite Igll-agebo 63 Medium - Direct Weak
ng;lhm Dust mite g:;; ;I:-ebo 30 Low + Direct Weak
Eggf%%iler Dust mite ﬁllércrebo 15 Medium + Direct Moderate
Izpopoo?l)ilt;I Dust mite gll-agebo 86 Medium + Direct Strong
1336157 Dust mite gllz;::-ebo 58 Low + Direct Moderate
gg?fltal Dust mite ﬁ:;; -crebo 257 High + Direct Weak
Iiggg?ﬁa Parietaria gllzfgebo 41 Low + Direct dcz:act)grl%ir;]c:*
;g(j)rlgeo Parietaria g:‘; gebo 30 Medium + Direct d%?g:g]ir;,%t*
;_/gggqgs’ Olive ﬁllércrebo 70 Medium + Direct Strong
o | gnose N NS
Savolainen, Tree mix Low dose 98 Medium Low dose: Direct Low dose:
2006 " Placebo + Moderate

+ = positive; - = negative; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Conjunctivitis Symptoms

Twenty-eight percent of the sublingual immunotherapy studies reported conjunctivitis
symptom scores (Appendix G, Evidence Table G24). There were 5 trials involving 513
subjects. 313716318 The comparator in all studies reporting conjunctivitis scores was placebo.
All of the studies used a numeric scale when reporting the symptoms, but none of the scales
appeared to be validated or consistent between studies. The duration of assessment ranged from
one pollen season up to 18 months.
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Two of the 4 studies demonstrated significant improvement in conjunctivitis symptom scores
when compared with placebo or to pre-treatment symptom levels in the sublingual
immunotherapy arm.

We conclude that there is moderate grade evidence that sublingual immunotherapy reduces

conjunctivitis symptoms (Table 36).

Table 36. Body of evidence for sublingual immunotherapy for conjunctivitis symptoms in children
and adolescents

Number of Risk of Direction of . Magnitude
Study Allergen | Comparator Participants Bias Change Directness of Effect
Tari, . SLIT .
19907 Dust mite Placebo 58 Low + Direct Weak
deBot . SLIT . . Could not
501123 Dust mite Placebo 257 High + Direct determine*
Vourdas . SLIT . .
1998163 Olive Placebo 70 Medium + Direct Strong
ya o High dose High dose: + Fligh dose:
. Tree Mix | Low dose 98 Medium Direct 9 .
Savolainen Placebo ) Low dose:
2006 Low dose: + Moderate
Pajno S SLIT . Could not
200416 Parietaria Placebo 30 Low NR Direct determine*

+ = positive; NR = not reported; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Medication Use

Medications scores were reported in 14 (77%) of the pediatric sublingual immunotherapy
trials included in this review (Appendix G, Evidence Table G25). All of the studies used a
placebo or control group, except for one study that compared SLIT given continuously versus
coseasonally;*®* therefore its results are not included in the evidence grading table. These 13
studies included 1078 participants. All of the studies used some type of numeric scoring scale for
medication use, but none of the scales or scoring appeared to be validated or consistent between
studies. The duration of assessment of medication scores ranged from 6 months or one pollen
season up to three years. The medications scored varied from study to study and included such
medications as inhaled beta agonists and corticosteroids for control of pulmonary symptoms as
well as oral antihistamines and intranasal and oral corticosteroids.

Four of the 13 (42%) studies reporting medication scores demonstrated significant
improvement in this domain with sublingual immunotherapy. Four of the 13 studies with
medication scores reported significant improvement in medication scores when compared with
controls. 138158188 1 gne of these 4 studies, the comparator group was pharmacotherapy or
conventional treatment;**® in the remaining studies the comparator was placebo. One study
demonstrated significant improvement in pre-treatment versus post-treatment medication scores
in the sublingual immunotherapy arms.*?

Six studies of dust mite allergen reported medications scores: two low-medium risk of bias
studies found significant improvement in medications scores™’*?° while four medium-high risk
of bias studies did not show significant benefit in medication use.*?**3%*311%% T\g trials of
Parietaria immunotherapy studies reported medication scores and found no improvement.*#4*%
Two grass mix studies reported medication scores: one large, high risk of bias study showed a
strong benefit from sublingual immunotherapy,*® and the other large, low risk of bias study
demonstrated no improvement.***
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We conclude that there is moderate grade evidence that sublingual immunotherapy reduces
medication use (Table 37).

Table 37. Body of evidence for sublingual immunotherapy for medication scores in children and

adolescents

Number of

Risk of

Direction of

Magnitude of

Study Allergen | Comparators Participants Bias Change Directness Effect
Pajno . SLIT )
20007 Dust mite Placebo 27 Low + Direct Strong
Lue . SLIT . .
20062 Dust mite Placebo 20 Medium + Direct Moderate
AH: + AH: Strong
Niu, . SLIT . BA: + . BA: Strong
20062 Dustmite | p2cebo 110 High ICS: + Direct ICS: Weak
OoC: + OC: Strong
Tseng, . SLIT . AH: + . AH: Moderate
2008930 Dust mite Placebo 63 Medium BA- - Direct BA- Moderate
Hirsch . SLIT AH/INS: - . Could not
1997 Dustmite | - cebo 30 Low BA/Th: + Direct determine*
deBot . SLIT . . Could not
2011531 Dust mite Placebo 257 High + Direct determine*
Roder Grass SLIT . Could not
2007** mix Placebo 204 Low i Direct determine*
Novembre Grass SLIT . . Could not
2004 % mix Control 113 High * Direct determine*
La Rc1)4s4a
1999 . . SLIT Could not . Could not
Leonardi Parietaria Placebo 41 Low determine* Direct determine*
2009'"°
Pajno S SLIT . Could not
2004160 Parietaria Placebo 30 Low + Direct determine*
OC: +
Vourdas . SLIT . . Could not
1998163 Olive Placebo 70 Medium | NR fpr qther Direct determine*
medications
Valovirta Hiah dose High dose:
2006 % . 9 . High dose: + . Moderate
. Tree mix | Low dose 98 Medium ; Direct .
Savolainen Placebo Low dose: + Low dose:
2006 Weak
. Grass BA: + BA: Moderate
Egg;ggller mix and Ii:;;-crebo 15 Medium ICS: + Direct ICS: Strong
Olive INS: + INS: Strong

+ = positive; - = negative; AH = antihistamine; BA = beta agonist; ICS = inhaled corticosteroid; INS = intranasal steroid,;
NR = not reported; OC = oral corticosteroids, Th = theophylline
*Data provided in the article was not enough to calculate the magnitude of effect.

Combined Symptoms Plus Medication Scores

Combined symptom plus medication scores were reported in two of the sublingual

immunotherapy studies included in this review and involved 329 subjects****® (Appendix G,
Evidence Table G26). The duration of assessment of medication scores was three years for both
studies, and symptom scores included nasal, eye, and bronchial symptoms. The medications
scored varied from study to study. Medications in one study included nasal mast cell inhibitors,

oral antihistamines, intranasal corticosteroids,

148 ;

nhaled beta agonists and corticosteroids for

control of pulmonary symptoms as well as oral antihistamines and intranasal corticosteroids.
Medications allowed in the other study included oral antihistamines, nasal corticosteroids,

bronchodilators, and ocular corticosteroids.

138
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One study reporting a combination symptom plus medication score demonstrated significant
improvement with sublingual immunotherapy when compared with controls.**® One study of
grass mix allergen showed no significant difference between sublingual immunotherapy and

conventional therapy.

138

We conclude that there is low evidence that sublingual immunotherapy reduces combined
medication use and symptom scores (Table 38).

Table 38. Body of evidence for sublingual immunotherapy for combined symptom plus medication
scores in children and adolescents

. Direction .
Study Allergen Comparators N“mt.’er of R's.k of of Directness Magnitude
Participants Bias of Effect
Change
Dust mite,
Marogna birch, grass SLIT . )
200818 Mix, Control 216 Medium + Direct Strong
Parietaria
Novembre . SLIT . . Could not
2004138 Grass mix Control 113 High + Direct determine*

+ = positive; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Quality

of Life

Quality of life was reported in two studies involving 461 subjects.”****" The instruments
used to assess quality of life in both studies were validated, disease specific instrument: The

Pediatric and Adolescent Rhinoconjunctivitis Quality of Life questionnaires. One study found no
improvement in quality of life.X** The other study found no difference between SLIT and placebo
groups in both children and adolescents after 2 years*** (Table 39). (Appendix G, Evidence Table
G27).

We conclude that there is insufficient evidence that sublingual immunotherapy affects

disease-specific quality of life in children and adolescents.

Table 39. Body of evidence that sublingual immunotherapy affects disease-specific quality of life
in children and adolescents

Quality of Number of Risk | Direction Magnitude
Study Life Allergen | Comparators o of of Directness 9
Participants : of Effect
Measure Bias Change
Pediatric _ Could not
deBot RQLQ" ST determine*
2011 Dust mite 257 High Direct
Placebo
Adolescent Could not
RQLQ! - determine*
Pediatric _ Could not
Roder, RQLQ" G T determine*
2007 rass 204 Low Direct
mix Placebo
Adolescent Could not
RQLQ" + determine*

+ = positive; - = negative; RQLQ = Rhinoconjunctivitis Quality of Life Questionnaire; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Pulmonary Function
Pulmonary function testing results were reported in five studies involving 490 subjects.

(Appendix G, Evidence Table G28). Pulmonary function results described here are from studies

where subjects had a diagnosis of asthma that was objectively confirmed with methods other
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than clinical impression. The studies reported measures of pulmonary function, but were
heterogeneous in terms of which measures were reported: FEV1 was most commonly reported,
but other measures included percent of patients with a positive methacholine challenge, PEF, and
FVC.

All studies reported either significant improvement compared with controls or when
considering pre- versus post-treatment pulmonary function. Four of five studies reported a
significant improvement when comparing pre-treatment to post-treatment FEV1 in groups
treated with sublingual immunotherapy.*#°*#>"1"* One trial reported a significant decrease in
the number of participants with a positive methacholine challenge in the sublingual
immunotherapy group when compared with controls.'*®

Allergen and Nonspecific-Chemical Challenge (Provocation)

Three of the sublingual immunotherapy studies challenged subjects to a specific allergen
after treatment in order to quantify symptoms (Appendix G, Evidence Table G28). Two studies
used nasal provocation.™***" One of the nasal provocation studies found significant
improvement in the sublingual immunotherapy arm before and after treatment after 1 year,
although no difference was noted between the sublingual and placebo arms.*** The other nasal
provocation study also found a significant improvement in the sublingual immunotherapy arm
before and after treatment,’ but did not compare between the sublingual and placebo arms. One
study performed conjunctival provocation tests and found significant improvement in response
with sublingual immunotherapy compared with placebo.*** Two of the three studies using a
specific allergen challenge reported a significant improvement in symptoms in the sublingual
immunotherapy groups. One study also used bronchial challenges and found significant
improvement in FEV1 with the dust mite bronchial challenge after sublingual immunotherapy.*>’

Long-Term Outcomes: Disease Modification, Disease Prevention

In our review, we sought information regarding long-term outcomes in allergic rhinitis and
asthma (Appendix G, Evidence Table G29). Disease modification in asthma was addressed in
three studies included in this review.'?** Niu et al*** found a significant effect on the number of
patients with a decrease in asthma classification from mild/moderate persistent asthma to mild
intermittent asthma, after 6 months of SLIT with dust mite allergen compared with placebo.
Severity in this study was determined by a global assessment by physicians who reviewed the
asthma scores, medication consumption, and pulmonary function tests and were not familiar with
the patient. Marogna et al found no significant difference in the percentage of children with mild
intermittent asthma after 3 years of SLIT compared with placebo.**® LaRosa et al found similar
reports of rhinitis symptoms during Parietaria pollen season after 8 years of followup in the SLIT
and placebo groups.*™*

Asthma prevention was reported in two of the sublingual immunotherapy studies, and in one
eight-year followup to a prior study.*****"® Novembre et al found that fewer children developed
asthma after 3 years of grass pollen SLIT vs conventional therapy; controls in this study
developed asthma 3.8 times more frequently (RR, 3.8; 95% Cl,1.5-10).**® Marogna et al found a
lower occurrence of the development of mild persistent asthma in SLIT patients versus
pharmacotherapy group after 3 years. However, in an eight year follow-up of the LaRosa study
of Parietaria, sublingual immunotherapy treatment for two years showed no asthma preventative
effect.l44'179
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Prevention of new allergy sensitivities was discussed in one article and one followup
report.**¥1"® Marogna found that treatment with multi-antigen sublingual immunotherapy (dust
mite, birch, weeds, and grass mix) significantly decreased the development of new allergen skin
sensitizations after three years (OR, 0.6; 95% CI, 0.02-0.17).**8 However, in an eight year
follow-up report of the LaRosa study, there was no preventative effect on the development of
new sensitivities after receiving Parietaria sublingual immunotherapy for two years.****"

Other Outcomes

Adherence and compliance were discussed infrequently in the articles. In a followup study by
Marogna et al., adherence was found to be excellent in 74 percent of subjects.**® Another study
repogggd 53 percent compliance in the SLIT arm and 67 percent compliance in the placebo
arm.

During the course of the review, the number of studies reporting select biomarkers was
recorded: 1gG total, 1gG4, and IgE. Three studies reported changes in specific IgG, eight study-

specific 1gG4, and 10 IgE (total and/or specific IgE). (Appendix G, Evidence Table G31).

Conclusion: Summary of Pediatric Evidence for Key Question 1

When considering the key evidence for the efficacy and effectiveness of sublingual
immunotherapy in the treatment of allergic rhinoconjunctivitis and/or asthma in children, the
pertinent clinical outcomes include symptom scores, medication use, and quality of life (Table
40). The overall strength of evidence for use of sublingual immunotherapy in children and
adolescents when considering all domains with pertinent clinical outcomes together is moderate.

84



Table 40. Summary of strength of evidence regarding the effectiveness of sublingual immunotherapy in children and adolescents

Number of
Studies/ Risk of Direction of . . Magnitude of . Strength of
Outcome Number of Bias change Consistency Directness Effect Studies Evidence
Participants
5 strong 3 studies with low RofB AND 2
Asthma 6 medium 2 moderate of these with strong magnitude
Svmbtoms 9/471 3 low 9 positive Consistent Direct 1 CND 6 studies with medium RofB High
ymp 1 strong/ AND 3 of these with strong
moderate* magnitude
Asthma plus
Rh".“t'S/ _R_h_lno- 1/98 1 medium 1 positive Consistent Direct 1 strong/ . 1 study with med|gm RofB and Moderate
conjunctivitis moderate mod/strong magnitude
Symptoms
Rhinitis/Rhino- 2 high 11 positive g ;t;c:jngate 2 studies with medium RofB
conjunctivitis 12 /1065 6 medium posit Consistent Direct . Moderate
1 negative 4 weak AND moderate magnitude
Symptoms 4 low
3cnd
1 strong 2 studies with medium RofB; 1
Coniunctivitis 1 high 4 positive 1 weak with strong magnitude and 1
S mj toms 5/513 2 medium 1 FC):ND Consistent Direct 2 CND with strong/moderate magnitude | Moderate
ymp 2 low 1 strong/ 1 study with low RofB AND
moderate* weak magnitude
o 3 high 11 positive 2 strong 1 study with !ow RofB AND
Medication . . . . 2 moderate strong magnitude
12 /998 6 medium 1 negative Consistent Direct h . Moderate
Use 6 CND 1 study with medium RofB AND
4 low 1 CND . :
3 mix* moderate magnitude
Number of
Outcome Studies/ Risk of Bias Direction of Consistency Directness Magnitude of Studies Str_ength of
Number of change Effect Evidence
Participants
Combined . ) .
Medication Plus | 2 /329 1 h'gh. 2 positive Consistent Direct 1 strong 1 study with _med|um RofB AND Low
1 medium 1 CND strong magnitude
Symptoms
. . 1 high 1 negative . . 2 studies where magnitude -
Quality of Life 2/461 1 low 1 4/ Consistent Direct 2 CND could not be determined Insufficient

+ = positive; - = negative; CND = could not determine; RofB = risk of bias

*Different direction depending on comparators.
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Sublingual Versus Subcutaneous Immunotherapy

Eight studies published between 1989 and 2010 reported on the efficacy and safety of
sublingual versus subcutaneous immunotherapy. Two studies originated from Italy,”" % five
from Turkey, 040181182 and one from Denmark.** Rhinitis was the primary diagnosis of the
subjects in three studies,*’"*¥8! rhinoconjunctivitis in one study,** and asthma with rhinitis in
four studies.****®182 Three studies included only adults;***>*® two included both adults and
children,*”"* and three studied children exclusively.3**®*8 All but one study required that the
subjects had received no prior immunotherapy*® (Appendix F, Evidence Tables F1 and F2)

Two studies focused on tree pollen immunotherapy,***®° and the remaining six studied dust
mite immunotherapy.®>046.177181.182 Each study allowed the participants to take either
conventional or rescue medications during the study in addition to the immunotherapy or
placebo. The maintenance dosing interval for subcutaneous immunotherapy ranged from once
every three weeks to once every eight weeks. In the sublingual treatment group the maintenance
dosing interval varied from daily to three times a week. The treatment duration across studies
was between one and three years (Appendix F, Evidence Table F3).

Most of the studies had biases arising due to improper concealment of the allocation of
interventions, unmasked interventions and incomplete reporting of missing data. Only one study
was considered to be at low risk of bias® (Appendix F, Evidence Table F4).

Key Question 1. What is the evidence for the efficacy and effectiveness of
sit in the treatment of allergic rhinoconjunctivitis and/or asthma?

Key Points

e Low grade evidence favors subcutaneous immunotherapy over sublingual for allergic
asthma symptom control.

e Moderate grade evidence favors subcutaneous immunotherapy over sublingual for
allergic nasal and/or eye symptom control.

e Low grade evidence exists to suggest little difference between routes of therapy for
reducing medication use.

e Low grade evidence exists to favor subcutaneous immunotherapy over sublingual
immunotherapy for reducing symptoms and medication use in dust mite allergic patients.

Asthma Symptom Control

Four trials of dust mite allergen immunotherapy reported improvement in asthma symptom
scores. %4182 T\yo studies reported changes in subcutaneous and sublingual immunotherapy
groups compared with placebo®* and two compared with pharmacotherapy.*®%? Both the
studies with a placebo comparison group reported significant changes in asthma symptom scores
in subcutaneous treatment group after treatment relative to before treatment;*>*° one reported
significant changes in the sublingual immunotherapy group after treatment.*® In the latter study,
the group treated with subcutaneous immunotherapy showed a significantly greater reduction in
reducing asthma symptom scores compared with the group treated with sublingual
immunotherapy.®® The other two studies demonstrated the effectiveness of subcutaneous and
sublingual immunotherapy groups in reducing asthma symptom scores compared with
pharmacotherapy.*®*®? Both studies reported that subcutaneous immunotherapy significantly
reduced asthma symptoms compared with pharmacotherapy. One study reported that sublingual
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immunotherapy also reduced asthma symptoms significantly,'®* while the other study reported

that subcutaneous and sublingual treatment, when combined, reduced symptoms significantly
compared with pharmacotherapy (Appendix F, Evidence Table F5).

The strength of evidence is low (4 studies, N=171) to support subcutaneous immunotherapy
over sublingual immunotherapy for allergic asthma symptom control (Table 41).

Table 41. Body of evidence for sublingual immunotherapy versus subcutaneous immunotherapy
affecting asthma symptoms

Number . .
Study | Allergen Comparator of R'S.k Treatment Directness Magnitude
o of Bias favored of Effect
Participants
SLIT
gﬂ;;g%%n Dust mite | SCIT 36 Medium SCIT Direct Moderate
Placebo
Eifan . SLIT . .
2010182 Dust mite | SCIT 48 Medium SLIT Direct Moderate
Pharmacotherapy
SLIT+
placebo injections
Yuksele . SCIT+ . .
n 20113 Dust mite placebo drops 31 Medium SCIT Direct Moderate
Placebo
injections + drops
SLIT
Keles . SCIT . .
2011% Dust mite SLIT + SCIT 56 Medium SCIT Direct Weak
Pharmacotherapy

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy

Rhinitis/Rhinoconjunctivitis Symptoms

Six studies reported rhinitis or rhinoconjunctivitis symptom scores in their study
participants.**%¢#° 181182 There was no uniformity in reporting of these scores and none of the
scales were validated. The duration of assessment varied from one to six years. Three dust mite
immunotherapy trials reported significant improvement in rhinitis/rhinoconjunctivitis symptom
scores in both sublingual and subcutaneous study groups post-treatment compared with pre-
treatment.®>*®*8! One birch immunotherapy trial ** and two dust mite trial***® demonstrated that
both sublingual and subcutaneous immunotherapy reduced symptoms significantly compared
with placebo or pharmacotherapy. Four studies directly compared the difference between
sublingual immunotherapy and subcutaneous immunotherapy.®**®*81:182 One dust mite allergen
study demonstrated that subcutaneous immunotherapy resulted in a significantly greater
reduction in symptom scores compared with sublingual immunotherapy;*®* two dust mite
studies,***% and a birch study®* showed no significant difference between sublingual and
subcutaneous immunotherapy for reducing rhinitis/rhinoconjunctivitis symptoms. One dust mite
study reported a significant difference in rhinitis symptoms in participants receiving combined
subcutaneous and sublingual immunotherapy compared with pharmacotherapy* (Appendix F,
Evidence Table F6).

These six randomized controlled trials included 412 participants with rhinitis alone or with
conjunctivitis or asthma. The strength of evidence is moderate that subcutaneous immunotherapy
is more effective than sublingual immunotherapy for reducing allergic nasal and/or eye
symptoms (Table 42).
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Table 42. Body of evidence for sublingual immunotherapy versus subcutaneous immunotherapy
affecting rhinitis/rhinoconjunctivitis symptoms

Number of Risk of | Treatment . Magnitude
Study Allergen Comparators Participants Bias favored Directness of Effect
Mungan SLIT None
98 Dust mite | SCIT 36 Medium Direct Weak
1999 favored
Placebo
Yukselen SLIT+ placebo injections
36 Dust mite | SCIT+placebo drops 31 Medium SCIT Direct Moderate
2011 T
Placebo injections+drops
Eifan SLIT
182 Dust mite | SCIT 48 Medium SCIT Direct Strong
2010
Pharmacotherapy
SLIT
Keles . SCIT . .
2011% Dust mite SLIT + SCIT 56 Medium SCIT Direct Weak
Pharmacotherapy
Tahamile . SLIT . .
20068 Dust mite SCIT 193 High SCIT Direct Moderate
Khinchi . SLIT . .
34 Birch SCIT 48 Medium SCIT Direct Moderate
2004
Placebo

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy

Medication Use

Medication scores were reported in five studies. Studies used various numerical scoring
scales to evaluate the medications used. The duration of assessment of the scores ranged from
one to two years. The medications that the study participants were allowed to use varied between
studies, some allowed only rescue medications while some allowed conventional therapies
including corticosteroids, beta-2 agonists and antihistamines.

One dust mite allergen trial demonstrated significant reductions in medication scores post-
treatment compared with pre-treatment in both sublingual and subcutaneous immunotherapy
groups.® Four studies compared changes in scores between the immunotherapy and placebo or
pharmacotherapy groups.>*%%°182 |n 3 birch immunotherapy trial, both sublingual
immunotherapy and subcutaneous immunotherapy demonstrated significant reductions in scores
compared with placebo, but the differences between sublingual and subcutaneous treatment
groups were not significant.** In a dust mite study, only sublingual immunotherapy significantly
reduced scores compared with pharmacotherapy; subcutaneous immunotherapy did not.*®* In
another dust mite trial, there was significant reduction in rhinitis medication use in both
subcutaneous and sublingual immunotherapy groups comparing pre-treatment to post treatment,
but in the same trial there was significant reduction in asthma medication use only in
subcutaneous immunotherapy group. Also there was no significant difference between the
sublingual and subcutaneous immunotherapy groups.*® Another dust mite trial reported changes
in medication score for subcutaneous, sublingual and combined subcutaneous and sublingual
immunotherapy compared with pharmacotherapy. It was demonstrated that sublingual
immunotherapy significantly reduced asthma medication use compared with pharmacotherapy,
while subcutaneous immunotherapy significantly reduced asthma medication, rhinitis medication
and total medication scores compared with pharmacotherapy. The same was true in the combined
subcutaneous-sublingual immunotherapy group.“® (Appendix F, Evidence Table F6)

The strength of evidence is low (5 studies, N= 219). Given the inconsistency of the evidence,
these studies support that there may not be a difference between these routes of administration
for reducing medication use (Table 43).
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Table 43. Body of evidence for sublingual immunotherapy versus subcutaneous immunotherapy
affecting medication use

Number . .
Study Allergen Comparators of ngk of | Treatment Directness Magnitude
o Bias Favored of Effect
Participants
Mungan SLIT
98 Dust mite | SCIT 36 Medium SLIT Direct Moderate
1999
Placebo
SLIT +placebo
Yukselen injections
20113 Dust mite | SCIT +placebo drops 31 Medium SCIT Direct Moderate
Placebo
injections + drops
Eifan . SLIT . .
182 Dust mite | SCIT 48 Medium SLIT Direct Moderate
2010
Pharmacotherapy
SLIT
Keles . SCIT . .
2011% Dust mite SLIT + SCIT 56 Medium SCIT Direct Strong
Pharmacotherapy
Khinchi . SLIT . .
34 Birch SCIT 48 Medium SLIT Direct Moderate
2004
Placebo

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy

Combined Medication and Symptoms Scores
Two studies reported improvement in symptoms and medication scores.>”"*® A dust mite
trial reported significant improvement post-treatment compared with pre-treatment in the
subcutaneous immunotherapy group.'”’ The sublingual immunotherapy group showed significant
improvement during early treatment, but the effect was not sustained at two years. Another study
in tree pollen allergic patients reported no significant differences in symptoms and medication
scores between the sublingual and subcutaneous immunotherapy groups.'®® None of the studies
reported between-group differences. The evidence is low to support subcutaneous
immunotherapy over sublingual immunotherapy for improving combined medication and
symptom scores for dust mite allergic patients (Table 44).

Table 44. Body of evidence that sublingual immunotherapy versus subcutaneous immunotherapy
affects combined medication use and symptoms

Number of Risk of Treatment . Magnitude

Study Allergen Comparators Participants Bias Favored Directness of Effect
533923216717 Dust mite glc_:IITI' 31 Medium SCIT Direct Moderate
Mauroa SLIT . Could not . Could not
2007180 Tree pollen SCIT 34 Medium determine* Direct determine*

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy
*Data provided in the article was not enough to calculate the magnitude of effect.

Quality of Life
Quiality of life was assessed in one study using the Danish version of SF-36 Health status
Questionnaire.** Although definitive scores at baseline and after treatment are not provided, the
study reports no statistically significant differences in quality of life scores in the groups

receiving sublingual immunotherapy, subcutaneous immunotherapy or placebo.
Limited data (1 study, N=48) precludes grading of strength of evidence for quality of life

assessment.
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Allergen or Chemical Challenge (Provocation)

Four dust mite studies evaluated nasal symptoms after exposure to allergen after
immunotherapy.®4¢18182 A| studies showed statistically significant increases in the tolerated
allergen dose in the sublingual immunotherapy and subcutaneous immunotherapy groups. Two
studies reported changes in bronchial symptoms to methacholine challenge.*>*® Neither the
sublingual or subcutaneous immunotherapy groups showed a statistically significant reduction in
the dose of methacholine required for provocation. Another dust mite study evaluated allergen
induced bronchial changes.® Significant changes in allergen dose were seen in the subcutaneous
immunotherapy group only.

Biomarkers
Changes in biomarkers following immunotherapy were reported in six studies.
Allergen specific IgE was described in six studies, 1gG4 in five studies and 1gG in one study.

35,36,46,177,180,182

Conclusion: Summary of Evidence for Key Question 1

The evidence for efficacy and effectiveness of sublingual immunotherapy versus
subcutaneous in the treatment of allergic rhinoconjunctivitis and/or asthma is drawn from
clinically important outcomes such as symptom scores, medication use, and quality of life. The
data is inadequate to comment on reduction of medication use, symptom and medication
reduction, and quality of life. The strength of evidence lowly favors subcutaneous
immunotherapy for reducing asthma symptoms and for control of nasal and eye symptoms.
(Table 45).
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Table 45. Summary of strength of evidence regarding the effectiveness of sublingual immunotherapy versus subcutaneous

immunotherapy
Number of
Studies/ Risk of Treatment . . Magnitude . Strength of
Outcome Number of Bias Favored Consistency Directness of Effect Studies Evidence
Participants
. . . Low
Asthma 47171 4 medium 3 SCIT Consistent Direct 3 moderate 3 studies with medlum RofB favoring
Symptoms 1SLIT 1 weak AND moderate magnitude
subcutaneous
- . 1 study with medium RofB
Rh'?"“s c_)r_F_ehmo- 1 high 5 SCIT . . 1 strong AND moderate magnitude Mode_rate
conjunctivitis 6/412 . Consistent Direct 3 moderate . . > favoring
5 medium 1 None 2 studies with medium RofB
Symptoms 2 weak - subcutaneous
AND moderate magnitude
L . . . Low
Medication 5/219 5 medium 2 SCIT Consistent Direct 1 strong 3 studies with medlum RofB minimal
Scores 3 SLIT 4 moderate AND moderate magnitude .
difference-
Combined Low
symptom and . 1SCIT . . 1 moderate 1 study with medium RofB .
medication 2165 2 medium 1 CND Consistent Direct 1 CND AND moderate magnitude fa\{)orlng
scores subcutaneous

CND = could not define; SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy
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Key Question 2. What is the evidence for safety of SIT in patients with
allergic rhinitis/rhinoconjunctivitis and/or asthma?

The safety of sublingual immunotherapy and subcutaneous immunotherapy was assessed in
all eight of the included articles. The recording and reporting of the adverse events was neither
uniform nor comparable across studies. Adverse events were divided into local reactions and
systemic reactions.

The local reactions consisted of oral cavity/oropharynx itching in the sublingual
immunotherapy group and injection site reactions in the subcutaneous immunotherapy group.
Four studies reported local reactions in sublingual immunotherapy treated patients ranging from
seven to 56 percent of patients.****%! One study reported 0.2 local reactions per patient in the
sublingual immunotherapy group.*® In the subcutaneous immunotherapy treated group, local
reaction frequency ranged from 6 to 18 per 100 patients across four studies.'””***¥? Two studies
reported that 20 percent of patients developed reactions at injection site.*>* All reactions were
mild or moderate.

Systemic reactions were reported in seven of the trials.3**46.177180182 Gagtrointestinal events
such as nausea, pain, and diarrhea were the most frequent systemic reaction reported in
sublingual immunotherapy groups. In the subcutaneous immunotherapy group, three studies, the
occurrence of respiratory events such as rhinitis/asthma were reported in five patients of which
two were severe reactions that required hospitalization.>*:182

Safety in the Pediatric Population

The safety of sublingual immunotherapy versus subcutaneous immunotherapy was assessed
in the three studies with a total of 135 patients.3*4%182

In the Eifan study, side effects were only reported in the subcutaneous immunotherapy
group. Two patients (12.5%) receiving subcutaneous immunotherapy experienced severe
systemic reactions. A grade 3 reaction occurred in a 5 year old girl who experienced severe
asthma symptoms after every injection given in the induction phase. The grade 4 reaction
occurred in a 10 year old girl with flushing, wheezing, and dyspnea after the ninth injection
during the induction phase and required adrenaline. One local event occurred in the subcutaneous
group with swelling at the injection site (0.06 events per patient). No systemic or local reactions
were reported in the sublingual or pharmacotherapy groups.

In the Yukselen study, 3 patients (30%) receiving SLIT experienced local oral
cavity/oropharynx itching and 2 patients (20%) receiving SCIT experienced a local injection site
reaction.*® No systemic reactions were observed in either group.

In the Keles study, 2 patients (18.2%) experienced moderate respiratory reactions after
receiving SCIT, while no systemic reactions were noted in the SLIT group.*® No local reactions
were reported in either group.

Among these three studies with a total of 135 patients, local injection site reactions were
reported in three patients receiving subcutaneous immunotherapy, and local reactions (oral
itching) were reported in three patients receiving sublingual immunotherapy. No systemic
reactions were reported in patients receiving sublingual immunotherapy. Among patients
receiving subcutaneous immunotherapy, four experienced systemic reactions, including 1
anaphylaxis event and 3 patients with moderate — severe respiratory symptoms.

These studies suggest that sublingual immunotherapy may be safer than subcutaneous
immunotherapy (Appendix G, Evidence Table G42).
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Key Question 3. Is the safety and effectiveness of allergen-specific
immunotherapy different in distinct subpopulations with allergic
rhinitis/rhinoconjunctivitis and/or asthma?

Key Points
e The evidence is insufficient to comment on the effectiveness and safety of sublingual
immunotherapy compared with subcutaneous immunotherapy in subpopulations of the
elderly, pregnant women, ethnic minorities, inner-city residents, rural residents, and
patients with severe asthma.
e There is no apparent difference in efficacy of sublingual immunotherapy and
subcutaneous immunotherapy in mono-sensitized versus poly-sensitized subjects.
The eight included studies did not report effectiveness and safety of sublingual compared
with subcutaneous immunotherapy in subpopulations of the elderly, pregnant women, ethnic
minorities, inner-city residents, rural residents, or patients with severe asthma. Four studies
included only mono-sensitized subjects.®?%*8%182 The results of these studies did not differ
significantly from the results of the three studies that enrolled polysensitized patients.

Pediatric Population: Key Points

e Inadequate evidence exists to support sublingual immunotherapy over subcutaneous or
vice versa for improvement of asthma or rhinitis symptoms or medication use.

e Low grade evidence favors subcutaneous immunotherapy over sublingual for allergic
asthma symptom control, based on 3 randomized controlled trials with 135 subjects.

e Low grade evidence favors subcutaneous immunotherapy over sublingual for allergic
nasal and/or eye symptom control, based on 3 randomized controlled trials with 135
subjects.

e Low grade evidence exists to suggest little difference between routes of therapy for
reducing medication use, based on 3 randomized controlled trials with 135 subjects.

Only three RCTs, published in 2010 and 2011 and originating from Turkey, reported on the
efficacy and safety of sublingual versus subcutaneous immunotherapy exclusively in
children.*®*®182 The primary diagnosis of the subjects in all 3 studies was asthma with rhinitis.
All studies focused on dust mite immunotherapy. Two of the studies required that the subjects
had received no prior immunotherapy and only included monosensitized individuals.***®? The
ages of patients included in the study ranged from about 5 to 14 years of age. Two of the studies
were funded by industry.***® (Appendix G, Evidence Tables G32 and G33)

One study allowed the participants to take conventional medications®® and two studies only
allowed rescue medications during the study in addition to the immunotherapy.*®*# The
maintenance dosing interval for subcutaneous immunotherapy ranged from three times a week to
monthly, while in the sublingual treatment group, the maintenance dosing interval was three
times a week in all 3 studies.****#? The treatment duration across studies was for 1 year.
Comparison groups in the study included sublingual immunotherapy, subcutaneous
immunotherapy, and placebo/pharmacotherapy arms (Appendix G, Evidence Table G34). The
three studies were considered to have a medium risk of bias (Appendix G, Evidence Table G35).
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Asthma Symptom Control

All three trials of dust mite allergen immunotherapy reported improvement in asthma
symptom scores.***®*82 One study reported changes in subcutaneous and sublingual
immunotherapy groups compared with placebo with conventional therapy,*® and two reported
these changes compared with pharmacotherapy.*®*®? The study with the placebo comparison
group reported significant changes in asthma symptom scores in the subcutaneous and sublingual
treatment groups after treatment relative to before treatment;*® The group treated with
subcutaneous immunotherapy showed a significantly greater reduction asthma symptom scores
compared with the group treated with sublingual immunotherapy.® The other two studies
demonstrated the effectiveness of subcutaneous and sublingual immunotherapy groups in
reducing asthma symptom scores compared with pharmacotherapy.*®*¥ Both studies reported
that subcutaneous immunotherapy significantly reduced asthma symptoms compared with
pharmacotherapy. One study reported that sublingual immunotherapy also reduced asthma
symptoms significantly,'®? while the other study reported that subcutaneous and sublingual
treatment, when combined, reduced symptoms significantly compared with pharmacotherapy.
(Appendix G, Evidence Table G36)

The strength of evidence is low (3 studies, N=135) to support subcutaneous immunotherapy
over sublingual immunotherapy for allergic asthma symptom control (Table 46).

Table 46. Strength of evidence for sublingual immunotherapy versus subcutaneous
immunotherapy affecting asthma symptoms in children and adolescents

Number of Risk of | Treatment . Magnitude
Study Allergen Comparator Participants Bias Favored Directness of Effect
SLIT + placebo injections
Yukselen | Dust SCIT + . .
36 ; placebo drops 31 Medium SCIT Direct Moderate
2011 mite
Placebo
injections + drops
Eifan Dust SLIT
182 . SCIT 48 Medium SLIT Direct Moderate
2010 mite
Pharmacotherapy
SLIT
Keles Dust SCIT . .
2011% mite SLIT + SCIT 56 Medium SCIT Direct Weak
Pharmacotherapy

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy
Note: Positive direction of change indicates greater improvement with sublingual immunotherapy relative to subcutaneous
immunotherapy, negative direction indicates greater improvement with subcutaneous immunotherapy.

Rhinitis/Rhinoconjunctivitis Symptoms

Three studies reported rhinitis or rhinoconjunctivitis symptom scores in their study
participants.*®*®1% There was no uniformity in reporting of these scores and none of the scales
were validated. The duration of assessment was over one year. One trial reported significant
improvement in rhinitis/rhinoconjunctivitis symptom scores in both sublingual and subcutaneous
study groups post-treatment compared with pre-treatment.*® Two other dust mite trials*®~%
demonstrated that both sublingual and subcutaneous immunotherapy reduced symptoms
significantly compared with placebo or pharmacotherapy. Two studies directly compared the
difference between sublingual immunotherapy and subcutaneous immunotherapy.®**® They
showed no significant difference between sublingual and subcutaneous immunotherapy for
reducing rhinitis/rhinoconjunctivitis symptoms. One dust mite study reported a significant
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difference in rhinitis symptoms in participants receiving combined subcutaneous and sublingual
immunotherapy compared with pharmacotherapy*® (Appendix G, Evidence Table G37)

These three randomized controlled trials included 135 participants with rhinitis alone or with
conjunctivitis or asthma. The strength of evidence is low that subcutaneous immunotherapy is
more effective than sublingual immunotherapy for reducing allergic nasal and/or eye symptoms
(Table 47).

Table 47. Body of evidence for sublingual immunotherapy versus subcutaneous immunotherapy
affecting rhinitis/rhinoconjunctivitis symptoms in children and adolescents

Risk .
Study Allergen Comparators Numper of of Treatment Directness Magnitude
Participants Bias favored of Effect

SLIT +
placebo injections

Yukselen . SCIT + . .

2011 Dust mite placebo drops 31 Medium SCIT Direct Moderate
Placebo
injections + drops

Eifan . SLIT . .

2010182 Dust mite | SCIT 48 Medium SCIT Direct Strong
Pharmacotherapy
SLIT

Keles . SCIT . .

2011% Dust mite SLIT + SCIT 56 Medium SCIT Direct Weak
Pharmacotherapy

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy
Note: Positive direction of change indicates greater improvement with sublingual immunotherapy relative to subcutaneous
immunotherapy, negative direction indicates greater improvement with subcutaneous immunotherapy.

Medication Use

Medication scores were reported in the three studies. Studies used various numerical scoring
scales to evaluate the medications used. The duration of assessment of the scores was one year.
The medications that the study participants were allowed to use varied between studies, some
allowed only rescue medications while some allowed conventional therapies including
corticosteroids, beta-2 agonists and antihistamines.

The three studies compared changes in scores between the immunotherapy and placebo or
pharmacotherapy groups.*®“®'#2 In one of the dust mite studies, only sublingual immunotherapy
significantly reduced scores compared with pharmacotherapy; subcutaneous immunotherapy did
not.'®? In another dust mite trial, there was significant reduction in rhinitis medication use in both
subcutaneous and sublingual immunotherapy groups comparing pre-treatment to post treatment,
but in the same trial there was significant reduction in asthma medication use only in
subcutaneous immunotherapy group. Also there was no significant difference between the
sublingual and subcutaneous immunotherapy groups. Another dust mite trial reported changes in
medication score for subcutaneous, sublingual and combined subcutaneous, and sublingual
immunotherapy compared with pharmacotherapy. It was demonstrated that sublingual
immunotherapy significantly reduced asthma medication use compared with pharmacotherapy,
while subcutaneous immunotherapy significantly reduced asthma medication, rhinitis medication
and total medication scores compared with pharmacotherapy. The same was true in the combined
subcutaneous-sublingual immunotherapy group.*® (Appendix G, Evidence Table G39)
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With the inconsistent direction of change and risk of bias, the strength of evidence is low (3
studies, N= 135) to support improved medication use with sublingual immunotherapy compared
with subcutaneous immunotherapy (Table 48).

Table 48. Body of evidence for sublingual immunotherapy versus subcutaneous immunotherapy
affecting medication use in children and adolescents

Stud Allergen Comparators Number of Risk of Treatment Directness Magnitude of
y 9 P Participants Bias Favored Effect

SLIT +
placebo injections

Yukselen . SCIT + . .

20113 Dust mite placebo drops 31 Medium SCIT Direct Moderate
Placebo
injections + drops

Eifan . SLIT . .

2010182 Dust mite | SCIT 48 Medium SLIT Direct Moderate
Pharmacotherapy
SLIT

Keles . SCIT . .

2011% Dust mite SLIT + SCIT 56 Medium SCIT Direct Strong
Pharmacotherapy

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy
Note: Positive direction of change indicates greater improvement with sublingual immunotherapy relative to subcutaneous
immunotherapy, negative direction indicates greater improvement with subcutaneous immunotherapy.

Combined Medication and Symptoms Scores
None of the pediatric studies reported combined medication and symptom scores.

Quality of Life
None of the pediatric studies evaluated quality of life outcomes.

Allergen or Chemical Challenge (Provocation)

Three dust mite studies evaluated nasal symptoms after exposure to allergen after
immunotherapy.®*#°182 All studies showed statistically significant increases in the tolerated
allergen dose in the sublingual immunotherapy and subcutaneous immunotherapy groups. One
study reported changes in bronchial symptoms to methacholine challenge.*® Neither the
sublingual or subcutaneous immunotherapy groups showed a statistically significant reduction in
the dose of methacholine required for provocation. Another dust mite study evaluated allergen
induced bronchial changes.® Significant changes in allergen dose were seen in subcutaneous
immunotherapy group only. (Appendix G, Evidence Table G40)

Biomarkers
Changes in biomarkers following immunotherapy were reported in three studies.
Allergen specific IgE was described in three studies and 1gG4 in two studies.

36,46,182

Conclusion: Summary of Evidence for Key Question 3

The evidence for efficacy and effectiveness of sublingual immunotherapy versus
subcutaneous in the treatment of allergic rhinoconjunctivitis and/or asthma in the pediatric
population is drawn from clinically important outcomes such a symptom scores and medication
use. The data is inadequate to comment on reduction of combined symptom and medication use
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and quality of life. The strength of evidence is low for favoring subcutaneous immunotherapy for
reducing asthma symptoms and for control of nasal and eye symptoms (Table 49).

Fewer pediatric specific studies have been performed, compared with SCIT versus placebo
studies in adults. The strength of evidence for almost all clinically relevant asthma outcomes
have been downgraded from high strength of evidence to low strength of evidence, when
evaluating only studies with participants less than or equal to 18 years of age. The strength of
evidence for asthma symptom-medication scores increased from low to moderate strength of
evidence.
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Table 49. Summary of strength of evidence regarding the effectiveness of sublingual immunotherapy versus subcutaneous

immunotherapy in the pediatric population

Number of
Studies/ . . Treatment . . Magnitude of . Strength of
Outcome Number of Risk of Bias Favored Consistency Directness Effect Studies Evidence
Participants
3 studies with medium RofB | Low
Asthma 3/135 3 medium 2 SCIT Consistent Direct 2 moderate AND 2 of these with favoring
Symptoms 1SLIT 1 weak .
moderate magnitude subcutaneous
Rhinitis or 1 strong 3 studies with medium RofB
Rh'F‘O' L 3/135 3 medium 3 SCIT Consistent Direct 1 moderate ; .1W'th strong magn[tude, 1 | Low favoring
conjunctivitis 1 with moderate magnitude subcutaneous
weak - .
Symptoms and 1 with low magnitude
C 3 studies with medium RofB | Low
Medication 3/135 3 medium 2 SCIT Consistent Direct L strong 1 with strong magnitude, 2 minimal
Scores 1SLIT 2 moderate . : .
with moderate magnitude difference

RofB = risk of bias; SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy
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Discussion

Our Comparative Effectiveness Review describes the efficacy and safety of specific
immunotherapy, subcutaneous and sublingual, in the treatment of allergic rhinitis and asthma.
Presently, in the United States, patients with allergies receive immunotherapy via increasing
subcutaneous injections of allergen-containing extracts to suppress or eliminate allergic
symptomatology. Over the last two decades, interest has grown in using sublingual
immunotherapy as an alternate treatment approach. In 1996, a Task Force assembled by the
World Allergy Organization on Immunotherapy cited the emerging clinical data on sublingual
immunotherapy, recognizing its potential as an alternative to subcutaneous therapy, and
encouraged continued clinical investigation to characterize optimal techniques. Sublingual forms
of immunotherapy have gained favor in Europe; however, there are no FDA approved sublingual
forms of immunotherapy. The aqueous materials developed for subcutaneous immunotherapy
can be delivered sublingually, and U.S. physicians are exploring this alternate desensitization
approach, off-label, in the treatment of allergic respiratory conditions; however due to differing
standardization of potency in the Europe and United States, doses have been extremely hard to
translate between countries.

To inform clinicians’ use of these therapies, we reviewed the comparative efficacy and safety
of these approaches to immunotherapy in the treatment of allergic rhinitis and asthma. We
included studies that enrolled participants with confirmed environmental allergies, and
symptoms of allergic rhinitis and/or asthma. The studies were limited to those in which the
specific immunotherapy formulations used (or close substitutes) are presently available to
clinicians in the United States, even if they were being used off-label. The literature search
yielded 5646 citations. After the necessary exclusions, we had 142 English language randomized
controlled trials for this review.

Summary of Key Findings

Subcutaneous Immunotherapy

Key Question 1. What is the evidence for the efficacy and effectiveness of
subcutaneous immunotherapy in the treatment of allergic rhinoconjunctivitis

and/or asthma?

We included 74 randomized controlled studies using subcutaneous immunotherapy. We
found high grade evidence to support that subcutaneous immunotherapy improves the following
asthma outcomes: symptoms, medication use, and combined asthma plus rhinoconjunctivitis
medication use. We found moderate grade evidence to support the use of subcutaneous
immunotherapy to improve asthma and rhinitis/rhinoconjunctivitis symptoms and low grade
evidence to support the use of subcutaneous immunotherapy to improve combined asthma (with
or without rhinitis) symptom-medication scores. The majority of the studies used a single
allergen; therefore, our findings primarily reflect the strength of the evidence when a single
allergen is used for immunotherapy. In the United States, it is common practice to include
multiple allergens in subcutaneous immunotherapy extracts. However, there are much fewer
studies investigating subcutaneous immunotherapy using multiple allergens.

We did not grade the evidence for indirect outcomes such as pulmonary function test results
and bronchial reactivity. However, we observed that subcutaneous immunotherapy provided
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consistent improvement in specific bronchial reactivity to allergen challenge. No consistent
benefit was observed for pulmonary function test results and nonspecific bronchial reactivity.

When evaluating allergic rhinoconjunctivitis outcomes, we found high grade evidence to
support the use of subcutaneous immunotherapy to improve rhinitis/rhinoconjunctivitis
symptoms, conjunctivitis symptoms, combined nasal, ocular, and bronchial symptoms, combined
asthma plus rhinitis/rhinoconjunctivitis medication use, and disease-specific quality of life.
Moderate grade evidence supports the use of subcutaneous immunotherapy to reduce
rhinitis/rhinoconjunctivitis medication use. Low grade evidence supports the use of subcutaneous
immunotherapy to reduce combined symptom-medication scores. Although we did not grade the
evidence for indirect outcomes, we observed that subcutaneous immunotherapy provided
consistent improvement in reactivity to nasal provocation testing and conjunctival provocation
testing. Similarly to our observation with the asthma studies, majority of the
rhinitis/rhinoconjunctivitis studies used a single allergen; therefore our findings primarily reflect
the strength of the evidence when a single allergen is used for immunotherapy. We observed that
much fewer studies used combined symptom-medication score as an outcome measure. This is
probably the reason why the strength of evidence for improving symptom-medication scores is
lower than the strength of evidence for improving the individual scores, i.e. symptom scores
alone or medication scores alone.

Key Question 2. What is the evidence for safety of subcutaneous

iImmunotherapy in patients with allergic rhinoconjunctivitis and/or asthma?

The lack of a consistent reporting system and grading system for subcutaneous
immunotherapy made it impossible to pool safety data across studies. Furthermore, not all
studies reported safety data. Fifty-four studies reported safety data. Local reactions are more
common than systemic reactions, and anaphylaxis was infrequently reported. The evidence
suggests that systemic reactions occurred more commonly in the active immunotherapy arms
than in the comparators. No deaths were reported in any of the studies we reviewed.

Key Question 3. Is the safety and effectiveness of subcutaneous
iImmunotherapy different in distinct subpopulations with allergic

rhinoconjunctivitis and/or asthma?

We examined the evidence regarding the use of SCIT in subpopulations of interest.
Insufficient data exists in the following subpopulations so that strength of evidence regarding
efficacy or safety cannot be reported in these subpopulations: the elderly, pregnant women,
minorities, inner-city versus rural residents, and severe asthmatics. However, findings from a few
studies support that subcutaneous immunotherapy is more beneficial in patients with mild asthma
than with severe asthma. There is no apparent difference in efficacy when considering mono-
sensitized subjects or poly-sensitized subjects receiving subcutaneous immunotherapy. There
were sufficient studies to report on the efficacy and safety in children.

Subcutaneous Immunotherapy in Children

We included 13 randomized controlled pediatric subcutaneous immunotherapy studies with
920 children. We found moderate strength of evidence to support that subcutaneous
immunotherapy improves asthma symptoms. As observed in the general population, the majority
of the pediatric studies used a single allergen. There is moderate strength of evidence that
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subcutaneous immunotherapy improves rhinitis/rhinoconjunctivitis symptoms. There is low
grade evidence to support the use of subcutaneous immunotherapy to improve asthma
medication use, combined asthma plus rhinoconjunctivitis medication use, asthma symptom-
medication scores, conjunctivitis symptoms, and rhinitis/rhinoconjunctivitis disease-specific
quality of life. When compared with the mixed adult and pediatric population, the strength of the
evidence is lower in the pediatric subpopulation; this is likely due to the fact that there are many
fewer studies of subcutaneous immunotherapy in children and adolescents.

Inconsistent reporting of adverse events made it impossible to pool safety data across studies.
However, local reactions were the most common adverse reactions in children and adolescents
receiving subcutaneous immunotherapy. There were no reports of death.

Sublingual Immunotherapy

Key Question 1. What is the evidence for the efficacy and effectiveness of
sublingual immunotherapy in the treatment of allergic rhinoconjunctivitis

and/or asthma?

Sixty RCTs of sublingual immunotherapy were included. The overall strength of evidence is
moderate that sublingual immunotherapy improves allergic rhinitis and asthma outcomes. The
evidence is high grade in the following individual clinical outcome: asthma symptoms.,. The
evidence is moderate to support that sublingual immunotherapy improves each of the clinical
outcomes: rhinitis/rhinoconjunctivitis symptoms, combined asthma plus
rhinitis/rhinoconjunctivitis symptoms, combination medication plus symptom scores, quality of
life, conjunctivitis symptoms, and medication use.

While the majority of sublingual studies included in this review utilized single allergens, this
may not reflect the current off label practice of sublingual immunotherapy in the United States.
Practitioners of sublingual immunotherapy in the United States are likely to use multi-allergen
specific immunotherapy in treatment. Seven of the included studies utilized mixed or multiple
allergens, 122145147 148 I5LIS3.472 The nymber of multiple allergen studies combined with the
heterogeneity of outcomes reported in these seven studies makes it difficult to comment on the
efficacy of single allergen sublingual immunotherapy in comparison to multi-allergen.

Key Question 2. What is the evidence for the safety of sublingual

iImmunotherapy in patients with allergic rhinoconjunctivitis and/or asthma?

The lack of a consistent reporting system and grading system for subcutaneous or sublingual
immunotherapy made it impossible to pool safety data across studies. Furthermore, not all
studies reported safety data.

Forty-three sublingual immunotherapy studies reported safety data. In these studies, local
reactions (reactions at the site of allergen introduction such as oral itching and swelling) were
common but mild. Systemic reactions were infrequent and no life-threatening reactions,
anaphylaxis, or deaths were reported in these studies.
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Key Question 3. Is the safety and effectiveness of sublingual
iImmunotherapy different in distinct subpopulations with allergic

rhinoconjunctivitis and/or asthma?

We examined the evidence regarding the use of SLIT in subpopulations of interest.
Insufficient data exists in the following subpopulations so that the strength of evidence regarding
efficacy or safety cannot be reported in these subpopulations: the elderly, pregnant women,
minorities, inner-city versus rural residents, and severe asthmatics.

Sublingual Immunotherapy in Children

We included 18 studies of sublingual immunotherapy in 1579 children in this analysis. We
found moderate strength of evidence to support the use of sublingual immunotherapy to reduce
rhinitis/rhinoconjunctivitis symptoms, combined asthma plus rhinitis/rhinoconjunctivitis
symptoms, conjunctivitis symptoms, and medication use. The strength of evidence is high that
sublingual immunotherapy reduces asthma symptoms, conversely, the strength of evidence is
low that sublingual immunotherapy reduces combined medication plus symptoms scores. There
is insufficient evidence to determine the impact of sublingual immunotherapy on disease specific
quality of life.

Inconsistent reporting of adverse events made it impossible to pool safety data across studies.
Furthermore, not all studies reported safety data. However, it appears that local reactions are
common but are mild. Systemic reactions were described in both sublingual and placebo arms.
No life-threatening reactions, anaphylaxis, or deaths were reported

Subcutaneous Versus Sublingual Immunotherapy

Key Question 1. What is the evidence for the efficacy and effectiveness of
subcutaneous versus sublingual immunotherapy in the treatment of allergic
rhinoconjunctivitis and/or asthma?

Eight RCTs comparing sublingual immunotherapy versus subcutaneous immunotherapy were
included. The overall strength of evidence is low grade to support subcutaneous immunotherapy
over sublingual for control of asthma symptoms and combined symptom-medication scores, and
moderate grade for control of rhinitis and/or conjunctivitis symptoms. However there is
insufficient evidence from head to head comparisons to determine the overall superiority of one
form of specific immunotherapy over the other.

Key Question 2. What is the evidence for safety of subcutaneous versus
sublingual immunotherapy in patients with allergic rhinoconjunctivitis and/or

asthma?

Eight RCTs reported on the efficacy and safety of sublingual versus subcutaneous
immunotherapy. In comparing the two therapies, there is insufficient evidence from head to head
comparisons to conclude that one route of administration is safer than the other.

102



Key Question 3. Is the safety and effectiveness of subcutaneous versus
sublingual immunotherapy different in distinct subpopulations with allergic

rhinoconjunctivitis and/or asthma?

We examined the evidence regarding the use of SCIT versus SLIT in subpopulations of
interest. Insufficient data exists in the following subpopulations so that strength of evidence
regarding efficacy or safety cannot be reported in these subpopulations: the elderly, pregnant
women, minorities, inner-city versus rural residents, and severe asthmatics.

Subcutaneous Versus Sublingual Immunotherapy in Children

We included three studies with 135 subjects in this analysis comparing subcutaneous versus
sublingual immunotherapy in children. There is low strength of evidence to support
subcutaneous over sublingual immunotherapy in children and adolescents across clinical
outcomes, including asthma symptoms and rhinitis/rhinoconjunctivitis symptoms. The strength
of evidence is low to support comparable improvement of medication use between sublingual
immunotherapy and subcutaneous immunotherapy.

There were few local reactions reported for both the subcutaneous immunotherapy and
sublingual immunotherapy groups. No systemic reactions were reported in patients receiving
sublingual immunotherapy. However, four patients receiving subcutaneous immunotherapy
experienced systemic reactions, including one anaphylaxis event and three patients with
moderate to severe respiratory symptoms.

Applicability

The results of this systematic review are applicable to patients with allergic
rhinoconjunctivitis and/or asthma. We included only studies that confirmed the diagnosis of
allergy, either by skin or in-vitro testing. Furthermore, asthma studies were included only if the
studies used objective measures to confirm asthma diagnosis. We included only studies in which
the specific immunotherapy formulations used (or close substitutes) are available to clinicians in
the United States; hence these results should be applicable to practitioners in the United States.

The reviewed outcomes reflect important clinical outcomes for patients with environmental
allergies. The majority of outcomes were direct measures of disease symptomatology, which
should make the findings of our review meaningful to clinicians and to patients. Some surrogate
measures such as pulmonary function testing were also included. While pulmonary function
testing is an indirect measure of asthma outcomes, it is used frequently by clinicians in the
United States.

However, the following should be considered regarding the applicability of the evidence
described in this report. The majority of the included trials used a single allergen for
immunotherapy; hence, it is difficult to determine the extent to which this evidence applies to
U.S. practitioners using multiple allergen regimens. Based on the findings from a few studies
which support that subcutaneous immunotherapy is more beneficial in patients with mild asthma
than with severe asthma, the use of subcutaneous immunotherapy to treat asthma is probably
most applicable to mild asthmatics. The majority of SLIT studies in this review included subjects
with allergic rhinitis/rhinoconjunctivitis and/or mild asthma. Hence, although it may appear
from this review that sublingual immunotherapy may be safer than subcutaneous
immunotherapy, the safety data from these subgroups of patients must not be extrapolated to the
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more severely affected patients. There is little evidence supporting the use of immunotherapy in
patients with severe asthma.

While a separate sub-analysis of pediatric studies was performed in this review, several
studies reported outcomes on a mixed population of adults and children without stratifying the
outcomes by age group, so we could not say definitively to which population the results apply.
Furthermore, the dosing regimens and durations of treatment reported in these studies varied
widely. Therefore, this body of evidence is insufficient to comment specifically on target
maintenance dose or the duration of sublingual therapy. This may, however, be interpreted as
supporting the effectiveness of immunotherapy across a broad range of doses.

Our findings add to current knowledge on the strength of evidence for the efficacy and safety
of allergen immunotherapy for treatment of asthma and allergic rhinoconjunctivitis. These
findings are relevant to clinicians who provide care for patients affected by these medical
conditions. The findings are also relevant to patients making decisions regarding therapy and can
help inform them on the efficacy and safety of allergen immunotherapy. Guideline developers
may also find our study useful for making recommendations about the use of allergen
immunotherapy in adults and children.

Study Limitations

We included only RCTs in this review; hence, our findings primarily reflect the efficacy,
rather than real world effectiveness, of subcutaneous and sublingual immunotherapy. The
studies varied substantially in their risk of bias. While all studies used randomization, 90 studies
(72%) were double blind, but the majority of studies did not specify explicitly from whom the
intervention was concealed. The majority of studies of subcutaneous and sublingual
immunotherapy received industry support financially or in the form of supplies. The studies
rarely stated clearly the role or extent of involvement of their sponsors. For these reasons, several
studies were considered to have a moderate or high risk of bias. The potential risk of bias played
an important role in determining the strength of the evidence for each direct outcome.

The body of literature had much heterogeneity. The clinical outcomes reported varied from
study to study, and there were no consistent scoring or grading systems for reporting pertinent
primary outcomes such as symptoms or medication use. The heterogeneity of the data on
symptoms and medication use precluded pooling the data for further analysis. The studies used
varying criteria for diagnosing asthma and assessing asthma severity and control. It is possible
that some of these asthma criteria may overestimate, while others may underestimate, the degree
of asthma control. Some studies that reported combined asthma and rhinoconjunctivitis scores
demonstrated significant improvement in individual disease outcomes. It is possible that a
preferential effect of immunotherapy on one of these disease processes may have highly
influenced the combined scores. Hence, such combined scores may not accurately reflect the
degree of control of both disease processes, and yet may be relevant to patients.

Studies with multiple allergens presented a similar dilemma; response to one allergen may
have determined the overall clinical score, and the true effect of desensitization with each
allergen remains unclear. Another significant limitation of the study is in regards to single and
multiple antigen therapy; the majority of studies included in this review were single allergen
studies and therefore caution needs to be exercised in applying these conclusions to multiple
allergen immunotherapy regimens.

One significant limitation of the current review is the difficulty in comparing European
allergens to United States allergens.*® While in the United States the FDA establishes for each
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standardized allergen an in vitro potency test which all manufacturers must use to compare their
extracts, this is not the case in Europe. In Europe, each allergen manufacturer has its own in-
house reference standards rather than a European standard. Another difference is that the in vivo
potency in the United States is quantified by intradermal testing methods, while in Europe, prick
testing is utilized. In order to address this problem, the current review attempted to express
where possible sublingual dosing in micrograms of major allergen (Appendix E, Table E14).
However, it must be emphasized that due to the above differences in United States versus Europe
allergen standardization and potency, caution must be exercised when attempting to translate
European dosing to the United States.

Most challenging to this review, there was extreme variability in the dosing and treatment
schedules from study to study. The doses were reported in varying units (BU, IR, SQ-U,
micrograms, BAU, STU, etc), which made it very hard to compare outcomes across studies. In
several studies, major allergen content was not reported. To illustrate, dust mite was the most
widely used sublingual allergen (14 studies). When considering the dosing for dust mite in
micrograms per month, the highest dose used was over 50 times greater than the lowest dose, yet
clinical efficacy was reported at both ends of the spectrum. Treatment schedules varied widely as
well; in the sublingual studies, dosing ranged from once a day to once a week, and the duration
of treatment used varied from one pollen season to several years. The extreme variability in
sublingual doses and treatment schedules makes it impossible to comment on the strength of the
evidence regarding dosing and treatment schedule. However, this may also be interpreted as
evidence of broad effectiveness of this therapy regardless of dose and schedule.

The same issues of heterogeneity existed with the safety data reported by these studies; the
adverse events were reported with different denominators from study to study. The lack of a
consistent reporting and grading system made it impossible to pool data. Furthermore, our study
reports only the safety data from randomized controlled trials, and is therefore not a
comprehensive review of the incidence of adverse events encountered in observational studies or
clinical practice. A more inclusive study of randomized, non-randomized, and observational
studies would be more applicable to the general population.

There were also deficiencies in the statistical reporting provided in the included studies. We
observed that several studies did not report intergroup comparisons. Instead, the studies reported
the statistical significance of the pre/post comparisons for each treatment arm. The absence of
such comparisons makes it difficult to determine whether the intervention provided a true
treatment effect. Relevant statistical information on the outcomes reported as scores was
frequently unavailable (such as standard deviation, standard error, or confidence intervals);
therefore, precision of the point estimates could not be assessed and these outcomes could not be
pooled. As a result, precision was not used for grading the evidence for each outcome;
magnitude of effect was used as a proxy for precision. In those few studies that compared
subcutaneous and sublingual immunotherapy head-to-head, only three of the eight reported direct
statistical comparisons between groups for the clinical outcomes of interest.

Due to the large number of articles identified and limited resources available for language
translation, we included only studies published in English. We requested information from the
pharmaceutical companies identified, but did not receive any information. We also searched
Clinicaltrials.gov seeking for the literature resulted from finalized or ongoing clinical trials.
However, all the references we identified from this search were already included in our database.
As a result, we could not include any unpublished literature. This raises some concern for
publication bias.
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Comparison of Results With Prior Systematic Reviews

Most previous systematic reviews evaluating the efficacy, effectiveness, and safety of
specific immunotherapy quantitatively pooled the data (meta-analyses). We did not pool data in
this review because of the heterogeneity in the interventions across studies including types of
allergen extracts, sources of extracts, allergen doses, and treatment duration, as well as
heterogeneity in outcome scoring systems. Due to such heterogeneity, a recent review by
Calderon et al. advised that results of meta-analyses be examined cautiously.’ In the absence of
meta-analyses, our review focused on grading the strength of the evidence for the efficacy and
effectiveness of specific immunotherapy.

Subcutaneous Immunotherapy

Traditionally, subcutaneous allergen immunotherapy for allergic rhinitis has been considered
a “second line” or slow acting disease modifying treatment. In many cases, subcutaneous
immunotherapy is reserved for those who do not respond to conventional therapy or do not wish
to remain on medications. In a comparison of four meta-analyses, Matricardi et al. concluded
that subcutaneous immunotherapy is at least as potent as pharmacotherapy in controlling
symptoms as early as the first season of treatment.'®® This study, however, did not conclude that
subcutaneous immunotherapy is superior to pharmacotherapy. Another systematic review by
Calderon et al., in the Cochrane database, reported that subcutaneous immunotherapy for
seasonal allergic rhinitis results in a significant reduction in symptom scores and medication use
with a low risk of adverse events.*®® Our review parallels these findings in that we found high
grade evidence that subcutaneous immunotherapy improves allergic rhinitis/rhinoconjunctivitis
symptom scores. Furthermore, we found high grade evidence that subcutaneous immunotherapy
improves other relevant allergic rhinitis/rhinoconjunctivitis outcomes, including combined nasal,
ocular, and bronchial symptoms, combined asthma plus rhinitis/rhinoconjunctivitis medication
use, and disease-specific quality of life.

In a recently updated systematic review of 88 asthma trials by Abramson et al., the
investigators concluded that there was a significant reduction in asthma symptoms and asthma
medications, as well as improvement in allergen specific bronchial hyper-reactivity following
subcutaneous immunotherapy.?® There was also a modest reduction in nonspecific bronchial
hyperreactivity, but no consistent effect on lung function.?® Not surprisingly, the investigators
also observed significant heterogeneity between studies. * Our review was more restrictive in
that we only included studies in which the diagnosis of asthma was confirmed using objective
measures such as significant response to bronchodilator, positive bronchial provocation testing,
or other previously established guidelines for the diagnosing asthma. We found 35 subcutaneous
immunotherapy studies that met these criteria. We found similar results in that we found high
grade evidence to support that subcutaneous immunotherapy improves asthma symptoms and
asthma medication use. We also found consistent improvement in specific bronchial reactivity to
allergens following subcutaneous immunotherapy.

Subcutaneous immunotherapy has served as routine treatment in children with allergic
rhinitis with or without asthma. Prior systematic reviews evaluating the efficacy of subcutaneous
immunotherapy have included pediatric studies, although few have exclusively focused on
children. The Cochrane review by Calderon et al. reported significant reduction in seasonal
allergic rhinitis symptoms and medication use with subcutaneous immunotherapy, but noted that
among their 51 included studies, none were conducted exclusively in children.”®” A systematic
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review, by Roder et al., reviewed immunotherapy for allergic rhinoconjunctivitis in children and
adolescents and identified six subcutaneous immunotherapy studies in children which showed
conflicting results for clinical efficacy.'® The recent meta-analysis by Abramson, et al, reported
improvement in asthma symptoms, medication use, and improved bronchial hyper-reactivity and
included multiple studies exclusively evaluating subcutaneous immunotherapy in children,
although separate results for this subpopulation were not reported.”®

Sublingual Immunotherapy

The first large systematic review of sublingual immunotherapy was reported in 2003 **° and
was updated in 2011.1%° The recent update reported significant reductions in symptoms and
medication use with sublingual immunotherapy, which is in agreement with our findings.
Radulovic et al. noted the same issues with heterogeneity in scoring systems, safety data
reporting, and dosing that we described. Their review also found no serious systemic reactions.

There have been other systematic reviews that focus on the efficacy of sublingual
immunotherapy on a particular clinical outcome. A recent systematic review examined the
efficacy of sublingual immunotherapy for treating allergic conjunctivitis.®” The authors
concluded that sublingual immunotherapy was effective in reducing ocular symptoms of allergy.
We found moderate strength grade evidence to support the use of sublingual immunotherapy in
allergic conjunctivitis. Another review published in 2008 focused on the effect of sublingual
immunotherapy in reducing symptoms of asthma.'* These authors concluded sublingual
immunotherapy is beneficial for asthma treatment, but found the magnitude of effect was not
large. Our findings are consistent, as we also concluded that sublingual immunotherapy is
efficacious in treating asthma symptom. We found high grade evidence to support that sublingual
immunotherapy improves asthma symptoms.

Other systematic reviews of sublingual immunotherapy have focused on a particular allergen.
In 2009, Compalati performed a meta-analysis of the efficacy of dust mite sublingual
immunotherapy,® and concluded that symptoms were significantly reduced with use. Our
systematic review found similar results, with 11 of 14 dust mite studies demonstrating
statistically significant improvement in clinical outcomes. Grass allergen sublingual
immunotherapy was the focus of a systematic review by Di Bona in 2010.1%? These authors
found grass allergen sublingual immunotherapy significantly reduced symptoms with a clinically
modest benefit. Our review included 14 grass pollen/grass mix studies, with nine of 14 studies
finding improvement in clinical outcomes.

Sublingual immunotherapy has been considered to be a favorable alternative to subcutaneous
immunotherapy, especially for children, based on convenience and ease of administration
without multiple injections.*®® Calderon et al. pooled nine studies that included participants aged
four to 17 years and showed significant reduction in allergic conjunctivitis symptoms in children
treated with sublingual immunotherapy.®®” Our study included 3 pediatric studies and concluded
that there is low-strength evidence to support that sublingual immunotherapy reduces
conjunctivitis symptoms.

Wilson et al. did a subgroup analysis with a small number of pediatric studies using
sublingual immunotherapy for allergic rhinitis and did not find a significant treatment effect for
symptoms of allergic rhinitis or medication use.*® In contrast, our systematic review included 12
pediatric studies evaluating rhinitis/ rhinoconjunctivitis symptoms and we found high strength
evidence that sublingual immunotherapy reduces rhinitis/ rhinoconjunctivitis symptoms in
children.
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Sopo et al. evaluated the clinical efficacy of sublingual immunotherapy in children with
respiratory allergies and systematically reviewed 8 studies.*®* No significant clinical results were
found using sublingual immunotherapy in children with respiratory allergies due to seasonal
allergens or rhinoconjunctivitis due to house dust mites, although low to moderate clinical effects
were found with the use of sublingual immunotherapy in children with mild to moderate
persistent asthma due to house dust mites. In our study, high strength of evidence was found that
sublingual immunotherapy reduces asthma symptoms and asthma combined with
rhinitis/rhinoconjunctivitis symptoms in children and adolescents based upon 11 studies with 808
subjects.

Penagos et al. performed a meta-analysis of nine studies on the efficacy of sublingual
immunotherapy in pediatric patients with allergic asthma and found significant reduction in
asthma symptoms and medication use *** Our study similarly found high strength of evidence for
sublingual immunotherapy in children for reducing asthma symptoms, and moderate evidence
for reduction of medication use. Olaguibel et al. also performed a meta-analysis with 7 studies on
the efficacy of sublingual immunotherapy on asthma, rhinitis, and conjunctivitis symptoms in
children with allergic rhinitis or asthma. They found statistically significant reductions in asthma
and medication scores, but not for rhinitis or conjunctivitis symptoms, although decreasing
trends were observed for all symptoms.'*® Our study demonstrated moderate strength evidence in
improving combination symptoms scores. They too found sublingual immunotherapy to be safe
without any reports of severe or systemic reactions, with oral and gastrointestinal complaints as
the most common side effects.

Future Research Needs

Additional RCTs are needed to examine the efficacy, effectiveness, and safety of SIT. These
should be done with attention to the design elements that reduce bias, such as clear concealment
of allocation and masking of the intervention throughout the study, to allow for more definitive
conclusions. Future studies will benefit from standardized methods to report symptoms and
symptom scoring, adverse events, and dosing quantity, frequency, and formulation. Published
guidelines for allergen immunotherapy clinical trials recommend that the combined symptom-
medication score be used as the primary outcome measure'®”; future studies should be
encouraged to comply with these guidelines. %%

There is a specific need for studies investigating the efficacy and safety of multiple allergen
regimens, as these are commonly used in the United States. There is increasing discussion in the
scientific community on the clinical use and efficacy of single allergen versus multiple allergen
therapy, and there are an insufficient number of studies which compare these head-to-head.
Future studies are needed to directly compare the effectiveness of single allergen versus multiple
allergen regimens for desensitization. On the other hand, studies restricting immunotherapy to a
single allergen will allow for a greater understanding of a dose effect, dosing strategy effect, and
effect of treatment duration on relevant clinical outcomes.

Studies including asthmatic subjects should clearly describe how subjects were diagnosed
with asthma. Restricting asthma severity in studies to mild, moderate, or severe asthma would be
helpful in assessing whether there is a subgroup of patients with asthma that may benefit from
immunotherapy. Adequately powered trials with appropriate subgroups of patients and utilizing
correct methodology are needed to address the efficacy and safety of allergen immunotherapy in
specific subpopulations (such as pregnant women, monosensitized vs. polysensitized patients,
severe asthmatics, urban vs. rural patients).
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There is a need to document with future research that immunotherapy has a disease-
modifying activity. Especially in the pediatric population, there is a need to determine if
immunotherapy can prevent or modify the atopic march in children at high risk for allergic
rhinitis and asthma. Additional considerations for pediatric studies include identifying the
optimal age for initiation of immunotherapy and evaluating the differential effects of
immunotherapy based on the developmental stage of children and adolescents.

Although our studies and others have found sublingual immunotherapy effective for
improving symptoms of allergic rhinoconjunctivitis and asthma, there are several unanswered
questions. The target maintenance dose, dosing strategies, and the necessary duration of
treatment for sublingual immunotherapy with various allergens have not yet been fully
determined.

Finally, there is a need for studies that directly compare sublingual to subcutaneous
immunotherapy to strengthen this evidence base in children and adults. Future studies comparing
subcutaneous to sublingual immunotherapy should use doses previously shown to be effective in
earlier, high quality studies, and direct statistical comparisons between the outcomes of the two
groups would be useful in regard to ensuring a fair comparison of the two therapies.
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Conclusion

In summary, we found sufficient evidence to support the effectiveness and safety of
subcutaneous and sublingual immunotherapy for treatment of allergic rhinitis and asthma,
particularly using single allergen immunotherapy regimens in adults and children. Strengthening
the evidence for the effectiveness and safety of multiple allergen regimens should be high
priority for future studies. There are far fewer pediatric studies than adult studies; hence the
evidence is less strong for the pediatric population. Additional pediatric studies may strengthen
the evidence the effectiveness and safety of allergen immunotherapy in the pediatric
population. When comparing subcutaneous to sublingual immunotherapy, the existing evidence
is insufficient and inconclusive. Additional trials are needed to establish the efficacy and safety
of these two interventions compared directly, in the usual care settings, given the expectation of
differences in adherence.
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Appendix A. Search Strategy

PubMed (6498)

(allergen-specific immunotherapy[tiab] OR allergen immunotherapy[tiab] OR immunotherapy[tiab] OR
immunotherapy[mesh] OR immunotherap*[tiab]) AND ((rhinitisimh] OR rhinitis[tiab] OR hay fever[mh] OR hay fever|tiab]
OR rhinoconjunctivitis[tiab] OR conjunctivitisimh] OR "allergic conjunctivitis”[tiab] OR pollinosis[mh] OR pollinosis[tiab] OR
pollenosis[tiab] OR asthma[mh] OR asthma]tiab]) NOT ("occupational diseases"[mh] OR "trachoma"[mh])) NOT
(animals[mh] NOT humans[mh])

allergen-specific immunotherapy][tiab] OR allergen immunotherapy[tiab] OR immunotherapy[tiab] OR immunotherapy[mesh] OR

L immunotherap*[tiab]

rhinitisimh] OR rhinitis[tiab] OR hay fever[mh] OR hay fever[tiab] OR rhinoconjunctivitis[tiab] OR conjunctivitisimh] OR "allergic
conjunctivitis"[tiab] OR pollinosisimh] OR pollinosis[tiab] OR pollenosis[tiab] OR asthma[mh] OR asthma [tiab]

"occupational diseases"[mh] OR "trachoma"[mh]

2NOT 3

(animals[mh] NOT humans[mh])

1 AND 4

~N|oOg|A~W N

6 NOT 5

EMBASE (9327)
('immunotherapy'/exp OR desensiti*ation) AND (‘rhinitis'/exp OR "allergic rhinitis'/exp OR 'hay'/exp AND 'fever'/exp OR 'rhinoconjunctivitis'/exp OR
‘conjunctivitis'/exp OR 'allergic conjunctivitis'/exp OR ‘asthma'/exp) AND [humans]/lim AND [embase]/lim

1 ‘immunotherapy'/exp OR desensiti*ation

N

'rhinitis'/exp OR 'allergic rhinitis'/exp OR 'hay'/exp AND ‘fever'/exp OR 'rhinoconjunctivitis'/exp OR 'conjunctivitis'/exp OR 'allergic
conjunctivitis'/exp OR ‘asthma'/exp

[humans]/lim

embase]/lim

3 AND 4

o0~ |w

1 AND 2 AND 5

COCHRANE (840)
Immunotherapy AND (rhinitis OR allergic rhinitis OR rhinoconjunctivitis OR conjunctivitis OR allergic conjunctivitis OR asthma)

LILACS (99)
Immunotherapy AND (rhinitis OR allergic rhinitis OR rhinoconjunctivitis OR conjunctivitis OR allergic conjunctivitis OR asthma
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Appendix B. Screening and Data Abstraction Forms

Abstract Review Form

KEY QUESTIONS
° KQ1: What is the evidence for efficacy and effectiveness of allergen-specific immunotherapy (SIT) in the treatment of allergic rhinoconjunctivitis
and/or asthma?
° KQ2: What is the evidence for safety of allergen-specific immunotherapy in patients with allergic rhinoconjunctivitis and /or asthma?
. KQ3: Is the safety and effectiveness of allergen-specific immunotherapy different in distinct subpopulations with allergic rhinoconjunctivitis and/or

asthma? (children, adults, elderly, patients with severe asthma, monosensitized patients, pregnant women, minorities ,inner-city, rural)

OUTCOMES
e Cost, Laboratory measures, compliance-adherence.

Include article for review (check box if yes)

Yes, applies to at least one of the key questions without an exclusion

Note for included article if:

Non-English language

Is a letter to the editor or editorial with new data

Is an abstract published later than July 1, 2009

) 1 1) 7

Case series or case report that addresses harms

Exclude article because... (may check one or more, but always check #4 if applicable)

1. Does not apply to any of the key questions

2. No subjects with allergic rhinoconjunctivitis and/or asthma

3. No SIT

. Therapy NOT AVAILABLE in the U.S (please skip to question 4 and check box)

5. No comparison group and no report of harms

6. Number of subjects in study is 6 or fewer on active treatment

~

. Study evaluates outcomes in animals only (no humans evaluated)

B I A .
N

[ee]

. No original dataPajno

B-1




9. Other reason for exclusion (specify)

Note for Exclusion criteria number 4 “Therapy not available to the practicing physician in the U.S”

=
Not FDA approved or not available in the U.S. as an “off-label product

Currently in clinical trials or under development

Old technology/Abandoned

r
r
r

Status unknown

Get article

Unclear or no abstract

Meta-analysis or Systematic Review or just useful reference

| do not read this language

Comment

B-2




Article Review Form
KEY QUESTIONS

KQ1: What is the evidence for efficacy and effectiveness of allergen-specific immunotherapy (SIT) in the treatment of allergic rhinoconjunctivitis and/or asthma?
KQ2: What is the evidence for safety of allergen-specific immunotherapy in patients with allergic rhinoconjunctivitis and /or asthma?
KQ3: Is the safety and effectiveness of allergen-specific immunotherapy different in distinct subpopulations with allergic rhinoconjunctivitis and/or asthma?

(children, adults, elderly, patients with severe asthma, monosensitized patients, pregnant women, minorities ,inner-city, rural)

Exclude article because -

It does not meet ALL the inclusion criteria below

Does not apply to any of the key questions

No SIT

Therapy NOT AVAILABLE in the U.S

Number of subjects in study is 6 or fewer on active treatment (Unless it reports harms)

Study evaluates outcomes in animals only or in vitro

No original data

Other reason for exclusion (specify):

EIRE === E = = =

Exclude but Keep for harms analysis

2. |((Included articles must have all four criteria checked)

Include article if -

a. Includes patients with allergic rhinoconjunctivitis and/or allergic asthma as confirmed by skin tests or RAST AND asthma is confirmed by pulmonary lung
unction (FEV; metacholine challenge). AND

b. Includes a relevant comparison group.

-

c. Has dose AND units specified

d. Reports meaningful outcomes (see below for outcomes)

3. [Study Design

™

RCT

\E:

Observational

\E

Non-randomized controlled trial




Clear Response

4. |Check if:

> Study addresses Severe HARMS (Anaphylaxis, Hospitalization, Death)

Clear Response

5. INon-English article

specify if possible

Clear Response

6. [Comments:

Relevant Outcomes

Symptom scores (Rhinitis, conjunctivitis, or asthma)

Medication scores

Provocational tests results (Nasal, conjunctival, bronchial challenge)

Quiality of life (QOL)

Long -term effects of SIT with continued treatment (maintenance control)

Disease modification (Effect of SIT post- discontinuation)

Effect of SIT on preventing new sequelae (rhinitis progression to sinusitis, otitis or asthma);
Effect of SIT on development of new allergen sensitivities;

7. |Safety (Serious Harms)
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Study Design Triage Form

Please indicate the article's study design and comparators
Included study design

E Randomized controlled trial

Clear Response

‘E Trials where investigators did not assign treatment randomly
‘E Trials where clinicians did not assign treatment randomly
‘E Cohorts with treatments assigned

‘E Before/after studies

‘E Observational studies and case series

‘E Non-randomized controlled trial

>

Allocation based on patient preference

Clear Response

‘E SCIT Vs. Other Treatments
C

SLIT Vs. Other Treatments
‘E SCIT Vs. SLIT
\E

SIT (route not specified) Vs. Other Treatment




Inclusion and Exclusion Criteria Form

Invert exclusion criteria (other than age) to reflect the article's inclusion criteria (i.e. if the study excluded polysensitized individuals, click
"monosensitized individuals only" as an inclusion criteria)

INCLUSION CRITERIA

Please check all that apply

[ ’—
Age (specify)

No previous immunotherapy

Positive specific IgE test
Positive skin test
Monosensitized individuals only

Polysensitized individuals only

Minimum duration of disease

EXCLUSION CRITERIA

Age (specify)
r /—
Pregnancy

COMMENTS

o O I I I I




Study Characteristics Form
Study Characteristics
What is being compared?

E SCIT Vs. Other Treatments
e

SLIT Vs. Other Treatments
e

SCIT Vs. SLIT

Clear Response

Author, year

Country (check all that apply)

United States of America

Denmark

Finland

France

Germany

Italy

Spain

Turkey

United Kingdom

Multiple European countries

E 1= =l T = = L= L = =

Other

What was the diagnosis of study participants? (Check all that apply)

=
Asthma

Rhinoconjunctivitis

Allergic rhinitis

-
=
=

Conjunctivitis




Other |

Did the article study a single allergen or multiple allergens?

Single allergen only

Multiple allergens

Clear Response

What was the funding source?

-
Government
=
Non-profit
=
Industry
=
Other
=
Not stated

Was the study one part of a bigger trial?

> Yes (If possible specify which)

e

No

> Unspecified

Clear Response

COMMENTS




Intervention Characteristics Form
Answer the following for the ENTIRE study
To be included, studies must report either:

Intended duration of treatment

Intended duration of follow-up

How many patients were randomized?

Answer the following for each group included in the study.

Include only information directly reported in the study (do NOT calculate values)

What was the intervention studied? (Arm 1)
| =~

Check box if intervention allows conventional therd
and/or rescue medication

Allows conventional therapy

Allows ONLY rescue
medication

Check box if intervention is an alum-precipitated
extract
& .
alum-precipitated
extract

How many patients were enrolled in the interventid
group? (Denominator)

Specify the n for each diagnosis in this arm
If severity of asthma is specified, please describe i
in the "COMMENTS" box below

-
-

Rhinoconjunctivitis

Asthma

Allergic rhinitis

-

I

Conjunctivitis

What was the comparator? (Arm 2)

El

Check box if comparator allows conventional therapy andfor
rescue medication

Allows conventional therapy

Allows ONLY rescue
medication

Check box if comparator is an alum-precipitated extract

& .
alum-precipitated
extract

How many patients were enrolled in the comparison group?
(Denominator)

Specify the n for each diagnosis in this arm
If severity of asthma is specified, please describe it in the

"COMMENTS" box below
Asthma
B . -
Rhinoconjunctivitis
r ’—

Allergic rhinitis

What was the comparator? (If applicable, Arm3)
=~

Check box if comparator allows conventional therapy and/or
rescue medication

Allows conventional therapy

Allows ONLY rescue
medication

Check box if comparator is an alum-precipitated extract

-

alum-precipitated
extract

How many patients were enrolled in the comparison group?
(Denominator)

Specify the n for each diagnosis in this arm
If severity of asthma is specified, please describe it in the

"COMMENTS" box below
Asthma
r . N
Rhinoconjunctivitis
[ ’—

Allergic rhinitis

B-9




Combined

asthma and rhinitis

= ’—
Not specified
Other

Targeted maintenance dose

Actual maintenance dose

Targeted cumulative dose

Actual cumulative dose

Dosing interval for maintenance dose

r
Daily
Weekly

r

Biweekly

r
Monthly

r
Cluster

r
Rush

= ’—
Other

Dose units

If dose is reported as drops, select "other" and wrif
in the number and concentration of drops

| El

Mg of major protein (if applicable)

r l—
Conjunctivitis

-

Combined asthma and

rhinitis

[ ’—
Not specified

[ ’—
Other

Targeted maintenance dose

Actual maintenance dose

Targeted cumulative dose

Actual cumulative dose

Dosing interval for maintenance dose

Daily

Weekly
r

Biweekly

r

Monthly
r

Cluster
r

Rush
B ’—

Other
Dose units

If dose is reported as drops, select "other" and write in thd

number and concentration of drops

ug of major protein (if applicable)

E

[ /—
Conjunctivitis

=

Combined asthma and

rhinitis

[ ’—
Not specified

[ ’—
Other

Targeted maintenance dose

Actual maintenance dose

Targeted cumulative dose

Actual cumulative dose

Dosing interval for maintenance dose

Daily

Weekly
r
Biweekly
r

Monthly
r

Cluster
r

Rush
r

Other
Dose units

If dose is reported as drops, select "other" and write in the

number and concentration of drops

Mg of major protein (if applicable)

El
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COMMENTS
Patient Characteristics From

Please fill the entire study column ONLY when the information is not separated by arm

Arm 1: Either SCIT or SLIT, not placebo

Age as mean

r /—
Mean

r

Standard
deviation

Age as median

Median
= ’—
Range

Other age measure

Sex

= /—
% Male

= ’—
% Female

= ’—
n Male

= ’—
n Female

%
Caucasian/white
r

% African
American/black

’— r
% Hispanic/Latino

’— [
’— [

% Asian

% Other

’—1_

/—1_

Arm 2:

Age as mean

E ’—
Mean

Standard
deviation

Age as median

Median
E ’—
Range

Other age measure

Sex

E l—
% Male

E l—
% Female

E ’—
n Male

E ’—
n Female

%
Caucasian/white

% African
American/black

% Hispanic/Latino

% Asian

% Other

l—l_

’—1_

Arm 3:

Age as mean

& ’—
Mean

deviation ’—

Age as median

Median
r
Range

Other age measure

Sex

r
% Male

B ’—
% Female

r
n Male

r
n Female

Race

r
% ’—

Caucasian/white
% African

American/black

B ’—
% Hispanic/Latino

[ ’—
% Asian

B ’—
% Other

Standard

Entire study:

Age as mean

r
Mean

r

deviation

Age as median

Median
r
Range

Other age measure

Sex

r
% Male
r
% Female
r
n Male
r
n Female

Race

r
%

Caucasian/white

r
% African

American/black
% Hispanic/Latino

—
—

Standard

% Asian

% Other




= ’—
n Caucasian/white

r
n African

American/black

= ’—
n Hispanic/Latino

= ’—
n Asian

= /—
n Other

Does this group contain
any subpopulations of interest? (check all
that apply)

r
Children

Elderly

Inner-city residents
Minorities

Monosensitized individuals

Patients with severe asthma

Polysensitized individuals

8 [ 3 IO ) [ ) (R 0 B 0 I T

Pregnant women

-

Rural residents

Mean number of years affected with
disease

Mean baseline Ig E (units)

Mean duration follow-up:

Dropouts (n)

E l—
n Caucasian/white

-
n African

American/black

E ’—
n Hispanic/Latino

E ’—
n Asian

E ’—
n Other

Does this group contain any
subpopulations of interest? (check all that
apply)

Children

Elderly

Inner-city residents

Minorities

Monosensitized individuals

Patients with severe asthma

Polysensitized individuals

5 [ N T 3 [N 3 I 5 I 5 B O |

Pregnant women

5

Rural residents

Mean number of years affected with
disease

Mean baseline Ig E (units)

Mean duration follow-up:

Dropouts (n)

B ’—
n Caucasian/white

r
n African

American/black

B ’—
n Hispanic/Latino

B ’—
n Asian

B ’—
n Other

Does this group contain any
subpopulations of interest? (check all that
apply)

Children

Elderly

Inner-city residents

Minorities

Monosensitized individuals

Patients with severe asthma

Polysensitized individuals

5 O 3 (O 3 [ 3 [ 3 S 3 N o [ o

Pregnant women

=

Rural residents

Mean number of years affected with
disease

|

Mean baseline Ig E (units)

|

Mean duration follow-up:

|

Dropouts (n)

r
n Caucasian/white

r
n African

American/black

r
n Hispanic/Latino

r
n Asian

r
n Other

Does this group contain any
subpopulations of interest? (check all that
apply)

Children

Elderly

Inner-city residents

Minorities

Monosensitized individuals

Patients with severe asthma

Polysensitized individuals

8 O 3 T ) T ) [ ) IS ) I o IO

Pregnant women

=

Rural residents

Mean number of years affected with
disease

Mean baseline Ig E (units)

Mean duration follow-up:

Dropouts (n)
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COMMENTS

Multiple Allergen Form

Please fill one row for EACH allergen being studied

What was the allergen being studied?

Trees

Grass

Weeds

Molds

Animals

Cockroaches

OOoO0O00On0nn

Dust mites

Dose

Dose units

What was the allergen being studied?

Trees

Grass

Weeds

Molds

Animals

Cockroaches

OOoO0O0O0O0n0nn

Dust mites

Dose

Dose units

COMMENTS
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Primary Outcomes Form

Please enter the final timepoint where outcomes were measured

Was interval data reported?

e

No

Yes (specify timepoint[s]) ’—

Please report statistics recorded at last follow-up NOT at baseline visit

Report scores using the following guide: Max= Most symptomatic, Min= Least symptomatic
Note that "% Improv" refers to the percent improvement of score

Record standard deviations of mean scores (SD) in the box immediately following the score
Were rhinitis symptom scores reported?

Not reported

Reported
Clear Response

Rhinitis symptom scores

Scale Arm 1 Arm 2 Arm 3
[ BE E§ E§

Description of Value Value Value
scale pre pre pre
[ ’— [ ’— [ ’— [
Minimum value SD SD SD

[ ’— BE = =
Maximum value Value Value Value
post post post

Arm 4
r
Value
pre
r
SD
Value
post
r
SD
r
%
Improv
r
SD

Statistics
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Comparator A Comparator B P-value Standard deviation [Standard error Confidence interval
| = | =l | | |

Comparator A Comparator B P-value Standard deviation [Standard error Confidence interval
| = | =l | | |

Comparator A Comparator B P-value Standard deviation [Standard error Confidence interval
| = | =l | | |

Comparator A Comparator B P-value Standard deviation [Standard error Confidence interval
| = | =l | | |

Were conjunctivitis symptom scores reported?
Not reported

Reported

Were combination rhinitis and conjunctivitis symptom scores reported?
Not reported

Reported
Clear Response

Were asthma symptom scores reported?
Not reported

Reported

Were combination rhinitis and asthma symptom scores reported?
Not reported

Reported
Clear Response

Were medication scores reported?

B-15




Not reported
Reported

Were combined symptom and medication scores reported?
Not reported

Reported
Clear Response

Were nasal provocation challenge scores reported?
Not reported
Reported
Were ocular provocation challenge scores reported?
G Not reported
Reported
Were allergen bronchial provocation challenge scores reported?

Not reported

Reported
Clear Response

Were chemical bronchial provocation challenge scores reported?
L Not reported

Reported
Were other symptom and/or medication scores reported?

Not reported

C Reported
Clear Response

Were other symptom and/or medication scores reported or were other challenges reported?

i

Not reported

B-16



C

Reported

SECONDARY OUTCOMES

Secondary outcomes of interest by category:

e Long term outcomes: Quality of life, aderence, convenience, maintenance control, disease modification, prevention of sinusitis, prevention of otitis, prevention of asthma,
development of new allergen sensitivities

e Biomarkers: IgE, 1gG, 19G-4, IL-10, IL-12, serum antibody levels CD4 and CD25, TGF-b, other laboratory measures

e Cost: Healthcare utilization, missed days of school, missed days or work

Were any secondary outcomes reported? (If no secondary outcomes were reported proceed to the next form)

Not reported

Reported

»
»

Not reported

Reported

Arm 1 Arm 2 Arm 3 Arm 4

Quality of life Quality of life Quality of life Quality of life
Reported Reported Reported Reported

Not reported
Clear Response

Not reported
Clear Response

Not reported
Clear Response

Not reported
Clear Response

Adherence
Reported

> Not reported
Clear Response

Adherence
Reported

C Not reported
Clear Response

Adherence
Reported

L Not reported
Clear Response

Adherence
Reported

> Not reported
Clear Response

Convenience

Convenience

Convenience

Convenience
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Reported

> Not reported
Clear Response

Reported

L Not reported
Clear Response

Reported

L Not reported
Clear Response

Reported

L Not reported
Clear Response

Maintenance control
Reported

Not reported
Clear Response

Maintenance control
Reported

Not reported
Clear Response

Maintenance control
Reported

Not reported
Clear Response

Maintenance control
Reported

Not reported
Clear Response

Disease modification

C

Reported

Not reported
Clear Response

Disease modification

C

Reported

Not reported
Clear Response

Disease modification

»

Reported

Not reported
Clear Response

Disease modification

e

Reported

Not reported
Clear Response

Prevention of sinusitis
Reported

Not reported
Clear Response

Prevention of sinusitis
Reported

Not reported
Clear Response

Prevention of sinusitis
Reported

Not reported
Clear Response

Prevention of sinusitis
Reported

Not reported
Clear Response

Prevention of otitis

C

Reported

Not reported
Clear Response

Prevention of otitis

C

Reported

Not reported
Clear Response

Prevention of otitis

C

Reported

Not reported
Clear Response

Prevention of otitis

C

Reported

Not reported
Clear Response

Prevention of asthma
Reported

L Not reported
Clear Response

Prevention of asthma
Reported

L Not reported
Clear Response

Prevention of asthma
Reported

G Not reported
Clear Response

Prevention of asthma
Reported

> Not reported
Clear Response

Development of new allergen sensitivities
Reported

Not reported
Clear Response

Development of new allergen sensitivities
Reported

Not reported
Clear Response

Development of new allergen sensitivities
Reported

Not reported
Clear Response

Development of new allergen sensitivities
Reported

Not reported
Clear Response

Were any biomarkers reported?

Not reported
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Reported

Arm 1

Arm 2

Arm 3

Arm 4

IgE
Reported

Not reported
Clear Response

IgE
Reported

Not reported
Clear Response

IgE
Reported

Not reported
Clear Response

IgE
Reported

Not reported
Clear Response

19G
Reported

Not reported
Clear Response

19G
Reported

Not reported
Clear Response

IgG
Reported

Not reported
Clear Response

IgG
Reported

Not reported
Clear Response

1gG-4
Reported

L Not reported
Clear Response

1gG-4
Reported

L Not reported
Clear Response

1gG-4
Reported

L Not reported
Clear Response

1gG-4
Reported

L Not reported
Clear Response

IL-10
Reported

Not reported
Clear Response

IL-10
Reported

Not reported
Clear Response

IL-10
Reported

Not reported
Clear Response

IL-10
Reported

Not reported
Clear Response

IL-12
Reported

> Not reported
Clear Response

IL-12
Reported

> Not reported
Clear Response

IL-12
Reported

L Not reported
Clear Response

IL-12
Reported

G Not reported
Clear Response

Serum antibody levels CD4
Reported

Not reported
Clear Response

Serum antibody levels CD4
Reported

Not reported
Clear Response

Serum antibody levels CD4
Reported

Not reported
Clear Response

Serum antibody levels CD4
Reported

Not reported
Clear Response

Serum antibody levels CD25

Reported

Serum antibody levels CD25

Reported

Serum antibody levels CD25

Reported

Serum antibody levels CD25

Reported
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Not reported
Clear Response

Not reported
Clear Response

Not reported
Clear Response

Not reported
Clear Response

T helpers levels

C

Reported

Not reported
Clear Response

T helpers levels

C

Reported

Not reported
Clear Response

T helpers levels

C

Reported

Not reported
Clear Response

T helpers levels
Reported

Not reported
Clear Response

TGF-b
Reported

L Not reported
Clear Response

TGF-b
Reported

L Not reported
Clear Response

TGF-b
Reported

L Not reported
Clear Response

TGF-b
Reported

L Not reported
Clear Response

Reported

Not reported
Clear Response

Other laboratory measures

Other laboratory measures

Reported

Not reported
Clear Response

Other laboratory measures

Reported

Not reported
Clear Response

Other laboratory measures

Reported

Not reported
Clear Response

Were any costs reported?

Not reported

Reported

Arm 1

Arm 2

Arm 3

Arm 4

Healthcare utilization
Reported

Not reported
Clear Response

Healthcare utilization
Reported

Not reported
Clear Response

Healthcare utilization
Reported

Not reported
Clear Response

Healthcare utilization
Reported

Not reported
Clear Response

Missed days of school

C

Reported

Not reported
Clear Response

Missed days of school

C

Reported

Not reported
Clear Response

Missed days of school
Reported

Not reported
Clear Response

Missed days of school

C

Reported

Not reported
Clear Response

Missed days of work

Reported

C

Not reported

Missed days of work

Reported

e

Not reported

Missed days of work

Reported

»

Not reported

Missed days of work

Reported

C

Not reported
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| Clear Response || Clear Response

| | Clear Response

| | Clear Response

COMMENTS

Safety Form

Were harms reported?

If harms were reported, please fill ONE FORM for EACH ARM of the study that reports harms

Not reported

e

Reported

Which arm of the study corresponds to THIS form?

Please specify the denominator for each arm (people, events or treatments)

-

If denominator is in events please fill the appropriate boxes and note it below

-

Denominator is events
Were specific local reactions for SLIT reported?

Not reported

Reported
Clear Response

Reaction: Report n or % for that reaction in text box

L4

Reported as

L4

Severity

L4

Reaction: Report n or % for that reaction in text box

L4

Reported as

L4

Severity

L4

Reaction: Report n or % for that reaction in text box

KN

Reported as

L4

Severity

L4

Reaction: Report n or % for that reaction in text box

L4

Reported as

L4

Severity

L4

Reaction: Report n or % for that reaction in text box

Reported as

Severity
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H

El

Please DO NOT report anaphylaxis systems as local or systemic reactions. Note them ONLY in the anaphylaxis section

Unspecified reaction

r
r

n
%

Local reaction (mouth, throat or skin; irritation, swelling, pain)

5 I 5 N 5 (N G NS G N 56 I o8

n with unspecified local reaction
n with mild reaction OR not requiring treatment
n with moderate reaction with or without treatment
’—
% with unspecified local reaction
% with mild reaction OR not requiring treatment
% with moderate reaction with or without treatment
’—

n with severe reaction requiring treatment

% with severe reaction requiring treatment

Systemic reaction

=

—
—

n with unspecified systemic reaction

% with unspecified systemic reaction

Gastrointestinal: Nausea/pain/diarrhea

5 I 5 N 5 (N G NS 6 R 68

n with mild reaction OR not requiring treatment

n with moderate reaction with or without treatment
n with unspecified severity of reaction

% with mild reaction OR not requiring treatment

% with moderate reaction with or without treatment

n with severe reaction requiring treatment

B-22




% with severe reaction requiring treatment
% with unspecified severity of reaction

Respiratory: Rhinitis/asthma

5 I 5 N 5 (N G NS 5 N 56 B o

n with mild reaction OR not requiring treatment

n with moderate reaction with or without treatment
n with severe reaction requiring treatment

n with unspecified severity of reaction

% with mild reaction OR not requiring treatment

% with moderate reaction with or without treatment
% with severe reaction requiring treatment

% with unspecified severity of reaction

Cutaneous: Rash/urticaria/angioedema

5 (N I 5 N 5 (NS G IS 5 R 6

n with mild reaction OR not requiring treatment

n with moderate reaction with or without treatment
n with severe reaction requiring treatment

n with unspecified severity of reaction

% with mild reaction OR not requiring treatment

% with moderate reaction with or without treatment
% with severe reaction requiring treatment

% with unspecified severity of reaction

Cardiac: Arrhythmia/rapid pulse

n with mild reaction OR not requiring treatment
n with moderate reaction with or without treatment
n with severe reaction requiring treatment
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n with unspecified severity of reaction

% with mild reaction OR not requiring treatment

% with moderate reaction with or without treatment
% with severe reaction requiring treatment

g % with unspecified severity of reaction

N with anaphylaxis as defined by:
Check all that apply

1 B B

The acute onset of a reaction (minutes to hours) with involvement of the skin, mucosal tissue or both and respiratory compromise
The acute onset of a reaction (minutes to hours) with involvement of the skin, mucosal tissue or both and symptoms of end-organ dysfunction
The acute onset of a reaction (minutes to hours) with involvement of the skin, mucosal tissue or both and reduced blood pressure

Involvement of the skin/mucosal tissue and respiratory compromise occurring rapidly after exposure to a likely allergen for that patient

1 B B

Involvement of the skin/mucosal tissue and reduced blood pressure or associated symptoms occurring rapidly after exposure to a likely allergen for that
patient

Involvement of the skin/mucosal tissue and persistent gastrointestinal symptoms occurring rapidly after exposure to a likely allergen for that patient

r
Reduced blood pressure after exposure to a known allergen
r
Unspecified anaphylaxis
Death
-
n
"l
%
COMMENTS
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Quality Form for Trials
Defined as studies where the treatment was assigned by the investigator

1. [Were patients randomly allocated to groups?

Yes--low risk of bias

No--high risk of bias OR unclear/unspecified

2. Was the allocation process concealed from the investigators and participants?

=
Yes--low risk of bias

No--high risk of bias OR unclear/unspecified OR impossible

3. Was knowledge of the interventions concealed from the participants, investigators, and outcome assessors (all of them) throughout the study?

=
Yes--low risk of bias

No--high risk of bias OR unclear/unspecified

Did the investigators adequately address incomplete outcome data?
Yes if: Low risk of bias because no missing data, missingness balanced across groups, no pattern to missingness, or proper imputation of missing data
4. INo if: High risk of bias because badly imbalanced missingness across treatment groups or unclear or incorrect handling of missing data

Yes--low risk of bias

No--high risk of bias OR unclear/unspecified

\Was the study free of other issues that put it at risk of biased outcomes?

Yes if: Low risk of bias

No if: High risk of bias because of extreme imbalance in groups at baseline, or inequality in treatments besides study intervention, or inequality in methods of outcome
5. [assessment between groups

Yes--low risk of bias

No--high risk of bias OR unclear/unspecified

Did the sponsoring company have a role in the design, conduct or reporting of the study?
Yes if: Potential risk of bias, OR if the sponsoring company's role was unspecified
6. [ No if: low risk of bias, OR not sponsored by a company with financial interests

=
Yes--high risk of bias OR unclear/unspecified

No--low risk of bias

Include data for submission?

=
Yes

=
No, exclude article

SECOND REVIEWER INITIALS
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Completed Abstraction Form

Did you fill out a quality form independent of the first reviewer?

>
EjNo

Check box to indicate that the second review of this reflD is complete

Yes

Second review complete

Second review incomplete

COMMENTS

B-26




Appendix C. Population, Intervention, Comparators, Outcomes and
Dosage Specification

1. POPULATION
Patients with allergic rhinoconjunctivitis and/or allergic asthma due to airborne allergies.
Includes:
Children (no age group distinction)
Adults (no gender distinction)
Elderly
Pregnant women
Minorities (we will include all the races and ethnicities found in the literature)
Inner-city and rural residents
Patients with severe asthma

e Monosensitized individuals
Allergic rhinoconjunctivitis must be confirmed by skin tests or RAST (radioallergosorbent test)
Asthma must be confirmed by pulmonary lung function (FEV; metacholine challenge). Asthma diagnosis needs to be objective; response to
bronchodilator needs to be assessed.

2. INTERVENTION AND COMPARATORS
Table of comparators and definitions

Comparator SCIT SLIT
SCIT YES* YES
SLIT YES YES*
Non-SIT YES YES
SLIT-Tablet NO NO
Other NO NO

Treatments (**) to be included in the review;

ﬂ**:

U.S. FDA-approved aqueous extracts for subcutaneous injection (SCIT)

SLIT**: Aqueous sublingual extracts - available in U.S. as off-label products from U.S. manufacturers, and the comparable aqueous extracts from
European manufacturers (off-label in U.S.; approved in EU)

Non-SIT**; Placebo; pharmacotherapy; usual care; environmental control; homeopathy

C-1



Treatments to be excluded (88) from the review:

SLIT-Tablet®s: sublmgual dissolvable tablet products [not available in U.S.; approved in Europe (eg: Grassax; Oralair)]

Modified AIIerqens : tyrosine-absorbed extracts; allergoids; polymerized aIIergens [not available in U.S.; approved in Europe]

Ad|uvant : CpG-oligonucleotides; MPL; alum-precipitated extracts; pyridine-extracted alum extracts [not available in U.S. except in clinical trials;
some agproved in Europe]

Peptides™: treatment with specific allergen epitope sequences [not available in U.S. or Europe except in cx trials]

Recombinant Allergens®®: alteration of the allergen molecule by substitution of an amino acid [not available in U.S. or Europe except in clinical
trials]

Combination Products®® : European products in which several of the above are coupled (ex: Timothy Quattro: aqueous Timothy grass extract
prepared as an allergmd modification + Tyrosine absorption + incorporation of an MPL adjuvant onto the molecule)

Other®® : lymphatic injection of allergen; local nasal IT; bronchial inhaled IT; epicutaneous IT; etc [not available in U.S. or Europe except in clinical
trials]

3. SPECIFIC OUTCOMES FOR RHINOCONJUNCTIVITIS OR ASTHMA STUDIES

A) Rhinitis /Rhinoconjunctivitis Studies:

Primary Outcomes:

a) Symptom diary score (Nasal Symptom Score, Ocular Symptom Scores, Combined Symptom Score)
b) Medication score (Rhinitis-Rhinoconjunctivitis medication use)

¢) Combined symptom-medication scores

Additional Secondary Endpoints:

a) Individual symptoms (sneezing/nasal congestion/rhinorrhealitchy nose/ocular symptoms/etc)
b) QOL

¢) symptom-free days

d) Days with no use of rescue medicine (e.g.: antihistamine; decongestant)

e) Visual analog score

f) Asthma symptoms (asthma may develop in a patient for the first time during the study)

g) Adverse events

h) Safety blood indices

B) Asthma Studies:

Primary Outcomes:
a) Symptom diary score (Total Asthma Symptom Score)
b) Asthma medication score
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¢) Combined asthma symptom-medication scores
d) QOL

Secondary Endpoints:

a) Pulmonary function tests (FEV1/FVC/ratio)

b) PEFR (peak expiratory flow readings; done at home)
¢) Challenge function tests

d) Adherence

e) Convenience and compliance

f) Long term outcomes

g) Adverse events

4. ALLERGEN UNITAGE SPECIFICATIONS, CHARACTERIZATION, AND STANDARDIZATION
UNITAGE SPECIFICATIONS

BIOEQUIVALENT ALLERGY UNITS/ML (BAU/ML)- biological potency unit assigned to standardized grass pollen and cat allergenic extracts,
following in-vitro comparison of the test extract to a FDA CBER reference standard. The FDA CBER reference standard is assigned a specific
BAU unitage based on quantitative skin testing.

ALLERGY UNITS/ML (AU/ML) - biological potency unit assigned to standardized mite and short ragweed pollen allergenic extracts, following in-
vitro comparison of the test extract to a FDA CBER reference standard. The FDA CBER reference mite standard is assigned a specific AU unitage
based on quantitative skin testing. For the short ragweed pollen allergen extract FDA CBER reference mite standard is assigned a specific AU
unitage based on specific ragweed allergen content.

MAJOR PROTEIN UNITS (ug Aa/ML) — micrograms of the major protein moiety(s) of the specific allergen (e.g. ragweed, Amb a 1; cat, Fel d 1)
PROTEIN NITROGEN UNIT (PNU) - potency unit based on the micro-Kjeldahl measurement of protein nitrogen in an acid precipitated extract.
Compared with other protein determination methods, 1 mg of protein nitrogen typically equals 100,000 PNU.

WEIGHT TO VOLUME (W/V) - potency unit expressed as a ratio of the weight of allergen source material extracted to the volume of diluting fluid,
and adjusted based on subsequent dilutions.

HISTAMINE EQUIVALENT PRICK (HEP) — histamine equivalent prick unitage for standardization of an allergen.

BIOLOGIC UNITS/ML (BU/ML) — biological unitage assigned to define allergen potency.

STANDARDISED QUALITY-UNIT (SQ-U) - biological potency unit assigned to certain allergen extracts by a manufacturer.

OTHER — we will include other allergen characterization unitage were noted in a paper.

CHARACTERIZATION AND STANDARDIZATION

Many (some) of the allergens currently commercially available for use have been characterized by manufacturers or researchers based on major
(and minor) proteins, but many others (most trees, molds, and pollens) have not. The FDA has characterized and standardized certain of the
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allergens that are currently commercially available (see below). The FDA feels that "biological" potency is a more robust and accurate
methodology for assaying allergens as opposed to major protein, alone (ie: various other proteins in an allergen's make-up may be important and
would be overlooked by only assaying and defining a product based on 1 or 2 proteins). Hence, the FDA and the WHO are not in agreement on
standardization, and the U.S. and European manufacturers "march to a different drum” (often their own internal standardization methods (SQ
units/IR units/etc)].

FDA STANDARDIZED ALLERGENS:

a) Ragweed: FDA actually standardized this allergen based on Amb a 1 content prior to the development of BAU/AU (and because 95% of RW's
allergenicity is recognized as being due to Amb a 1, they never felt the need to rename it based on BAU) [a RW extract containing 350 +/- 20% ug
Amb a 1 would be considered = to a 100,000 AU product];

Background Information: "FDA would like to add the following unit of measure to UCUM: Amb a 1 Units/ML — an arbitrary unit for the measurement
of Amb a 1, a 38 kD glycoprotein that is the major allergen in short ragweed pollen allergen extracts. The amount of Amb a 1 units are determined
by an in-vitro comparison of a test short ragweed extract to a FDA CBER Amb a 1 reference standard.

Antigen E and Amb a 1 are synonymous. Antigen E is the old term that was in the regulations for allergenics back in the 80s. The more up-to-date
scientific name is Amb a 1. [However, you will still have manufacturers using the old term of Antigen E since that is in their license].

In the old regulations (which have since been removed), the Radial Immuno Diffusion (RID) method for determining Antigen E potency was
specified. The number of units/ml is simply that which is obtained by comparison of a test sample (lot for release) against the US reference
standard that has a labeled content of Antigen E (also a US reference preparation of anti-antigen E serum is used in the test). The requirement is
for the assayed value of the US reference for antigen E to be within +/- 25% of the labeled value.

The general working theory is that a Unit/mL of Antigen E(Amb a 1) is equivalent to a microgram of AntigenE(Amb a 1)/mL but we are still looking
for solid references discussing this fact - this was not an FDA mandated unit expression due to the incorporation of the old methods specified
under the regulation into the firm's BLAs under 52 FR 37605. FDA has not since initiated the legal process required under the 680s for a unit
change (see below discussion on BAU/mL). The benefit of a unit change for allergenics always has to be balanced against the risk to patients on
incorrect dosing that may occur despite all best education efforts when such a change is made".

1. Amb a 1 is the up-to-date term for the short ragweed pollen allergen that was originally described as Antigen E. They are synonyms.
Although Antigen E is no longer used in the scientific literature, its meaning is unambiguous. The manufacturers are still licensed to use
Antigen E as the designation.

2.AmbalU=AgEU

3. The relationship between AgE U and BAU (350 AgE U/mL = 100,000 BAU/mL) was based on studies done decades ago, reportedly on 15
study subjects. CBER considered mandating a conversion to BAU/mL in the labeling of short ragweed pollen products, based on AgE
content, but this was never implemented.

4. CBER provides two US standard reagents to manufacturers for their determination of Amb a 1 content, a reference standard and a
reference serum. The assay used is a radial immunodiffusion assay (RID).
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5. Solid references discussing the relationship between Antigen E U/mL/Amb a 1 U/mL and micrograms of Antigen E U/mL/Amb a 1/mL are
being researched]".

b) Grasses: Bermuda grass (10,000 BAU/ml) and eight related Northern Pasture grasses [Timothy, Kentucky bluegrass, perennial rye grass,
orchard grass, meadow fescue, red top, and sweet vernal] (expressed as 100,000 BAU/ml); these were initially standardized by quantitative skin
testing in highly allergic subjects, and subsequently standardized to the standard extract by in vitro methods];
¢) House Dust Mites (Dermatophagoides pteronyssinus and farina): expressed as either 10,000 or 5,000 BAU/mL [initially standardized by
guantitative skin testing in highly allergic subjects (identified by hx), and subsequently standardized to the standard extract by in vitro methods];

d) Cat hair or pelt: The potency of Standardized Cat Hair Extract is based on the amount of Fel d 1 allergen in the extract. Extract containing 5-
9.9 units per mL is assigned a potency of 5,000 Bioequivalent Allergy Units (BAU/mL). Extract containing 10-19.9 Fel d1 units is assigned a
potency of 10,000 BAU/mL. [BAU/mL values are based on quantitative skin testing].

Background Information: "The primary allergen of Standardized Cat Hair Extract is Fel d1. Standardized Cat Pelt Extract contains Fel d1, as well
as non-Fel d1 allergens. The latter are believed to be components of cat serum, such as albumin. Pelt extracts have a higher protein content than
hair extracts, and the isoelectric focusing (IEF) pattern of the pelt extract reveals protein bands that are not present in cat hair extracts. The IEF
pattern of cat hair extracts shows primarily Fel d1 allergen without serum components. The importance of Fel d1 as a means of standardizing the
potency of cat extract is based on the following observations:

The intensity of skin reactions to cat extract correlates with the Fel d1 content of the extract in most cat sensitive patientsl; the absorption of cat
extract with monospecific antisera to Fel d1 causes a reduction in the allergenic activity of cat extractl; the precipitin arc of Fel d1 in cat extract
binds most of the IgE antibody in sera obtained from cat-allergic individuals"].

WHO standardized extracts also include dog (based on Can 1), alternaria (based on Alt 1), and various grasses (based on Phl p 5; Lol p 1; etc),
birch (based on Bet v 5).
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Appendix D. Evidence Tables for Subcutaneous Immunotherapy

TABLE D1. - STUDY CHARACTERISTICS SCIT
a) Table D1a. Study characteristics- SCIT- Asthma

Study Author, . . Seasonal or | Single or . Lo Funding
Diagnosis . ) Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
. 1 No previous immunotherapy
Creticos 1996 Asthma Seasonal Single Weeds: Short ragweed Positive skin test Government
USA . N Other
Monosensitized individuals only
. 2 . Age: Children e
Hill 198.2 Asthma Seasonal Single Grass: rye Positive skin test Non-profit
Australia o ) . . Industry
Minimum duration of disease: 3 years
. 3 Dust mites: . .
Altintas 1999 Asthma Perennial Single Dermatophagoides No previous immunotherapy Not stated
Turkey . Positive skin test
pteronyssinus
4 Dust mites: No previous immunotherapy
E?;nscqeuet 1985 Asthma Perennial Single Dermatophagoides Positive specific IgE test Unclear
pteronyssinus Positive skin test
5 Dust mites: No previous immunotherapy
E:);nscqeuet 1988 Asthma Perennial Single Dermatophagoides Positive specific IgE test Not stated
pteronyssinus Positive skin test
Age: 13 — 45 years
. No previous immunotherapy
fggg'% Ortega Dust mites: Positive specific IgE test
Spain Asthma Perennial Single Dermatophagoides Positive skin test Not stated
P pteronyssinus Monosensitized individuals only
Minimum duration of disease: 1 year
Excluded Pregnancy
Pifferi 20027 Dust mites: No previous immunotherapy
ltal Asthma Perennial Single Dermatophagoides Positive specific IgE test Not stated
y pteronyssinus Monosensitized individuals only
8 Dust mites: - -
van .Bever 1991 Asthma Perennial Single Dermatophagoides Pos!t!ve spguﬁc IgE test Not stated
Belgium . Positive skin test
pteronyssinus
9 Dust mites: . s
Van _Bever 1990 Asthma Perennial Single Dermatophagoides Pos!t!ve sp_ecmc IgE test Not stated
Belgium . Positive skin test
pteronyssinus
Wang 2006 Dust mites: Age: 6-45 years
Ching Asthma Perennial Single Dermatophagoides Positive specific IgE test Industry
pteronyssinus Positive skin test
T . o — =
Schubert 2009 Asthma Perennial Single Dust mites: Unspecified Positive specific IgE test Not stated

Germany

dust mites

Positive skin test
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Study Author,

Seasonal or

Single or

Funding

Year Country Diagnosis Perennial Multiple allergen Allergen Inclusion criteria source
12 Dust mites: - .
Kohno 1998 Asthma Perennial Multiple Dermatophagoides Pos!t!ve spguﬁc IgE test Non-profit
Japan . . Positive skin test
pteronyssinus and farinae
Dust mites: Age: 8-43 years
Maestrelli 2004 . . o Positive specific IgE test Government
Asthma Perennial Multiple Dermatophagoides o )
Italy . . Positive skin test Industry
pteronyssinus and farinae o : . .
Minimum duration of disease: 1 year
. Age: >18 years
14 Dust mites: o -
Olsen 1997 Asthma Perennial Multiple Dermatophagoides Pos!t!ve spguﬂc gE test Not stated
Denmark - . Positive skin test
pteronyssinus and farinae
Excluded Pregnancy
Ohman 1984™ . . ) ] No previous immunotherapy Government
USA Asthma Perennial Single Animals: Cats Positive skin test Non-profit
Van Metre1988™° . . o Positive specific IgE test Government
USA Asthma Perennial Single Animals: Cats Positive skin test Other
Valovirta 1986 ﬁge:rSe-vliguysei?Tﬁnunothera Government
Valovirta 1984'® Asthma Perennial Single Animals: Dogs pr o Py .
) Positive specific IgE test Non-profit
Denmark- Finland I .
Positive skin test
Malling 1986 No previous immunotherapy
. . . - ) Government
Denmark- Asthma Seasonal Single Mold: Cladosporium Positive skin test
19 Industry
Sweden Excluded Pregnancy
Dust mites :
Dermatophagoides
pteronyssinus and farinae
Adkinson 1997%° Trees : white oak Age: 5-12 years
Limb 2006%* Asthma Seasonal and Multiple Weeds: Short ragweed and | Positive specific IgE test Government
USA Perennial P English plantain Positive skin test Industry
Grass: Grass mix and Minimum duration of disease:1 year
Bermuda grass
Molds: Alternaria,
aspergillus cladosporium
b) Table D1b. Study characteristics- SCIT- R hinitis
Study Author, . . Seasonal or | Single or . Lo Funding
Diagnosis . ) Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
Polosa 2004* L . o Positive skin test
Polosa 20032 ltaly Rhinitis Seasonal Single Weeds: Parietaria Monosensitized individuals only Industry
Van Metre1980°* o . ] Positive specific IgE test Government
USA Rhinitis Seasonal Single Weeds: Ragweed Positive skin test Non-profit




Study Author,

Seasonal or

Single or

Funding

Year Country Diagnosis Perennial Multiple allergen Allergen Inclusion criteria source
25 Positive specific IgE test
van Metre1982 Rhinitis Seasonal Single Weeds: Ragweed Positive skin test Government
USA o h . . Non-profit
Minimum duration of disease: 2 years
. 26 B P .
Franklin 1967 Rhinitis Seasonal Multiple Multiple allergens including Positive skin test Government
USA ragweed
. 27 Trees: Tree mix (Cypress-
é:;ncc;_ll?j; Rhinitis Seasonal Multiple Cedar) Positive skin test Not stated
Durham 1999 Government
England and Rhinitis Seasonal Single Grass: Timothy grass Positive skin test Ind
Canada ndustry
’ Age: Older > 18 years old
Reid 1986 Rhinitis Seasonal Multiple Grass: Grass mix Posmve_skm_test Not stated
USA No previous immunotherapy
Junqueira de Dust mites: No previous immunotherapy Government
Queiros 2008%* Rhinitis Perennial Single Dermatophagoides Positive skin test N .
. . on-profit
Brasil pteronyssinus Excluded Pregnancy
McHugh 1990°%" Dust mites: No previous immunotherapy Government
Ewan 1988 ¥ Rhinitis Perennial Single Dermatophagoides Positive skin test )
. Non-Profit
UK pteronyssinus
s Age: Older > 18 years old
Nanda 2004 Rhinitis Perennial Single Cat Posmve_skm_test Government
USA No previous immunotherapy
Excluded preghancy
c¢) Table D1c. Study characteristics- SCIT- Rhinoconjunctivitis
Study Author, . . Seasonal or | Single or . Lo Funding
Diagnosis . ) Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
T . 34 T N
lct:;:r;' 2004 Rhinoconjunctivitis | Seasonal Single Weeds: Parietaria Positive skin test Industry
Bernstein 1976 . A . . N . Industry
USA Rhinoconjunctivitis | Seasonal Single Weeds: Ragweed Positive skin test Not stated
i Age: 18 — 60 years
Frew 2006 . . o . - No previous immunotherapy
UK Rhinoconjunctivitis | Seasonal Single Grass: Timothy grass Positive specific IgE test Industry

Positive skin test




Study Author, . . Seasonal or | Single or . N Funding
Diagnosis . . Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
Varney 1991°° o
Durham 2010% . . o . . No previous immunotherapy
Durham 1996 Rhinoconjunctivitis | Seasonal Single Grass: Timothy Positive sk_m tes@ . Industry
UK Monosensitized individuals only
Shamji 2012* . . - . s Age: 18T60 years
UK Rhinoconjunctivitis | Seasonal Single Grass: Unspecified grass No previous immunotherapy Industry
Positive skin test
41
iﬁl(mes 2011 Rhinoconjunctivitis | Seasonal Multiple Grass: grass mix Positive skin test Government
Walker 200142 _ _ o _ _ No previou_s_ immun_ot_herapy
UK Rhinoconjunctivitis | Seasonal Multiple Grass: grass mix Monosensitized individuals only Industry
Positive skin test
Age: adults
Frostad 1983% _ _ o _ Grass mix: Timothy grass, No previous im_munotherapy
Norway Rhinoconjunctivitis | Seasonal Multiple Cocksfoot Meadow fescue Positive specific IgE test Not stated
And ryegrass Positive skin test
Minimum duration of disease: 2 years
Klimek 1999* . S . Grass: Grass mix Age: 15-50 years Government
Rhinoconjunctivitis | Seasonal Multiple . . No previous immunotherapy
Germany Trees: trees mix - ; Industry
Positive skin test
s Grass mix: Orchard Age 18-44 years
Leynadier 2000 Rhinoconjunctivitis | Seasonal Multiple Meadow Perennial ryegrass | No pr.evious immunotherapy Industry
France sweet vernal grass and Positive specific IgE test
Timothy Positive skin test
The PAT study
Moller 2002 Age: Children
Niggeman200647 Rhinoconjunctivitis S | Multiol Trees: Birch No previous immunotherapy Indust
Jacobsen 2007 easona uitipte Grass: Timothy grass Positive skin test hdustry
Multiple European Monosensitized individuals only
countries
Age >18 years
Olsen 1995% . . o . Weeds: Mugwort No p(evioug immunotherapy
Denmark Rhinoconjunctivitis | Seasonal Multiple Trees: Birch Positive skin test Not stated
Grass: Timothy Minimum duration of disease: 2 years
Excluded Pregnancy
50 HoN .
Zenner 1996 Rhinoconjunctivitis | Seasonal Multiple Grass mix: Rye- Secale Age: 16-53 years Industry

Germany

cereal and Grass mix

Positive skin test
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Study Author, . . Seasonal or | Single or . N Funding
Diagnosis . . Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
o Age: 17-55 years
Dreborg 2011 . . i . . Grass: Timothy No previous immunotherapy
UK Rhinoconjunctivitis | Perennial Multiple Dust mite Positive skin test Industry
Excluded Pregnancy
d) Table D1d. Study characteristics- SCIT- Asthma and rhiniti
Study Author, . . Seasonal or | Single or . N Funding
Diagnosis . . Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
Ariano 2006 Asthma and . Weeds: Parietaria judaica Age: 18750 years
L Seasonal Single No previous immunotherapy Not stated
Italy Rhinitis o ) - .
Minimum duration of disease: 2 years
o Age: 15 - 55 years
Ferr_er 2005 ASF“T“.a and Seasonal Single Weeds: Parietaria judaica Pos!t!ve sp_ecmc IgE test Industry
Spain Rhinitis Positive skin test
Monosensitized individuals only
Naclerio 1997 Asthma and
lliopoulos 1991%° L Seasonal Single Weeds: Ragweed Positive skin test Government
USA Rhinitis
Arvidsson 2004>° Asthma and No previous immunotherapy
Arvidsson 2002°’ L Seasonal Single Trees: White birch Positive specific IgE test Industry
Rhinitis o )
Sweden Positive skin test
Munoz Leiarazu No previous immunotherapy
58 ) ’ Asthma and . Grass: Timothy grass Positive skin test
1993 hiniti Seasonal Single o ii Government
Spain Rhinitis Positive speci |c.IgE. t.est
Monosensitized individuals only
Nouri-Aria 2003 Asthma and . Grass: Timothy grass No previous immunotherapy Government
42 P Seasonal Single . ; X
Walker 2001™ UK Rhinitis Positive skin test Non-profit
Age: 5-50 years
60 Dust mites: No previous immunotherapy
I\S/Iurp 1999 ASFhf’?a and Perennial Single Dermatophagoides Positive skin test Industry
pain Rhinitis . " Lo
pteronyssinus Monosensitized individuals only
Minimum duration of disease: 2 years
Tabar 2005** Asthma and . . Dust mites: Positive specific IgE test Industry
- P Perennial Single Dermatophagoides o .
Spain Rhinitis . Positive skin test Government
pteronyssinus
Newton 1978% Asthma and . . Dust mites: No previous immunotherapy
L Perennial Single . . Positive skin test Industry
UK Rhinitis Dermatophagoides farinae o S
Monosensitized individuals only
. 63
Prle_to 2010 Ast_hma and Seasonal Single Mold: Alternaria Positive skin test Industry
Spain Rhinitis




Study Author, . . Seasonal or | Single or . N Funding
Diagnosis . . Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
No previous immunotherapy
Horst 1989%* Asthma and . Mold: Alternaria Positive specific IgE test
L Seasonal Single o ) Not stated
France Rhinitis Positive skin test
Monosensitized individuals only
No previous immunotherapy
Tabar 2007% Asthma and . Mold: Alternaria Positive specific IgE test Government
- L Seasonal Single I .
Spain Rhinitis Positive skin test Industry
Monosensitized individuals only
o5 Dust Age: children
Akmanlar 2000 ASt.hf‘?a and Perennial Multiple mites:Dermatophagoides No previous immunotherapy Not stated
Turkey Rhinitis . . Positive skin test
pteronyssinus and farinae o S
Monosensitized individuals only
Pichler 1996° Dust mites: N o
Switzerland and ASt.hf*?a and Perennial Multiple Dermatophagoides Pos!t!ve spguﬁc IgE test Industry
Rhinitis . . Positive skin test
Denmark pteronyssinus and farinae
68 Dust mites: No previous immunotherapy
Varmey 2003 ASF“T“.a and Perennial Multiple Dermatophagoides Positive skin test Industry
UK Rhinitis . . S
pteronyssinus Monosensitized individuals only
Petersen 1988%° Asthma and . . Trees: White birch and Positive skin test
L Perennial Multiple : Industry
Denmark Rhinitis Tree mix pregnant women were excluded
Animals: Cats
; 70 Dust mites: Age: Children '
Hedlin 1999 ASF“T“.a and Perennial Multiple Dermatophagoides Positive skin test Non-profit
Denmark-Sweden Rhinitis . e h . . Industry
pteronyssinus Minimum duration of disease: 2 years
Weeds
Dust mites:
Cantani 1997"* Asthma and Seasonal and . Dermatophagmdes No previous immunotherapy
L . Multiple pteronyssinus - . Not stated
Italy Rhinitis Perennial ; . Positive skin test
Grass: Perennial ryegrass
Weeds: Parietaria
e) Table D1e. Study characteristics- SCIT- Asthma and Rhinoconjunctivitis
Study Author, . . Seasonal or | Single or . N Funding
Diagnosis . . Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
7 No previous immunotherapy
Mirone 2004 Asthma and Seasonal Single Weeds: Short ragweed Positive skin test Industry

Italy

Rhinoconjunctivitis

Positive specific IgE test
Monosensitized individuals only
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Study Author, . . Seasonal or | Single or . N Funding
Diagnosis . . Allergen Inclusion criteria
Year Country Perennial Multiple allergen source
Osterballe 1982;:"1
Osterballe 1981 -
Osterballe 1980 Ast_hma a_nd A Seasonal Single Grass: Timothy grass Monosensitized individuals only Government
Osterballe 19827 Rhinoconjunctivitis Industry
Denmark
Pence 1975’ Asthma and . ] . No previous immunotherapy .
USA Rhinoconjunciivitis Seasonal Single Trees: Mountain cedar Positive skin test Non-profit
Rak 2001’ Asthma and Positive specific IgE test Government
Rak 2005 ; .| Seasonal Single Trees: Birch lve sp 9
Denmark- Sweden Rhinoconjunctivitis Positive skin test Industry
Dreborg 1986 Asthma and No previous immunotherapy
Multiple European - - A Seasonal Single Mold: Cladosporium Positive specific IgE test Industry
: Rhinoconjunctivitis " )
countries Positive skin test
o Age: Children 5-18 years
Kuna 2011 Asthma and . . . Positive skin test
Poland Rhinoconjunctivitis Seasonal Single Mold: Alternaria Positive specific IgE test Not stated
Duration of disease: 2 years
82 N -
Weyer 1981 Ast.hma apd o Seasonal Multiple Grass: Grass mix No previous immunotherapy Industry .
France Rhinoconjunctivitis Positive skin test Non-profit
83 Grass: Orchard grass . .
Bousquet 199184 Asthma and . Trees: London plane and No previous mmunotherapy INSERM
Bousquet 1991 - - A Seasonal Multiple - Positive specific IgE test
Rhinoconjunctivitis Olive o ) Grant
France-Germany . S Positive skin test
Weeds: Parietaria
Chakgsaborty Asthma and . Trees: date sugar palm/wild | No previous immunotherapy Government
2006 hi - - Seasonal Multiple d | - Ki f
India Rhinoconjunctivitis ate palm Positive skin test Non-profit
Age: 15-35 years
Dolz 1996% Asthma and . Grass: Timothy Orchard No previous mmunotherapy
] . - i Seasonal Multiple Positive specific IgE test Industry
Spain Rhinoconjunctivitis ryegrass " -
Positive skin test
Monosensitized individuals only
Age: 14-55 years
Alvarez-Cuesta o -
1994% é?]t_hma and | perennial Single Animals: cat Positive SE.eC'f'C IgE test Not stated
Spain inoconjunctivitis Positive skin test _
Minimum duration of disease: 1 year
88 . N - .
Varney 1997 Ast.hma apd o Perennial Single Animals: Cats No previous immunotherapy Not stated
UK Rhinoconjunctivitis Positive skin test
Tabar 2010%° Age: 5-45 years
: Asthma and . . . o !
Spain Perennial Single Dust mite Positive skin test Government

Rhinoconjunctivitis

Positive specific IgE test
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TABLE D2.- PATIENT CHARACTERISTICS SCIT
a) Table D2a. Patient characteristics- SCIT- Asthma

. . Duration of
Patients Age in years Sex % Patients enrolled/ .
Study randomized Comparators Mean +/- SD (range) | male/female dropouts disease (Mean
years affected)

Creticos. 90 SCIT 36 +/- 10 51/49 37/8 At least 1
1996* Placebo 35 +/-10 50/50 53/16
Hill 20 SCIT Range 9-14 Entire study 11/NR 3
19822 Placebo Range 9-14 65/35 9/NR 3

Adsorbed Aluminum Hydroxide IT 10.8 +/- 3.7 80/20 10/ NR
Altintas 35 Adsorbed Calcium Phosphate SCIT 10.0 +/- 3.7 60/40 10/ NR NR
1999° Aqueous SCIT 11 +/-4 55/45 9/ NR

Placebo 11 +/-3 60/40 5/ NR

Bousquet 30 SCIT (Rush) 29 +/- 5(Range 18-41) 65/35 20/0 6.3
1985* Placebo extract (rush) 27 +/- 6(Range 19-42) 70/30 10/0 9.1
Bousquet 215 SCIT (Rush) 24 +/- 13(Range 3-72) Entire study 171/NR 12
1988° Control (No SIT) 24 +/- 11(Range 3-72) 68.0/32.0 44/NR 9.8
Garcia-Ortega 36 SCIT Range 13-45 Entire study 18/NR NR
1993° Control (conventional therapy) Range 13-45 N 16/20 18/NR
Pifferi 29 SCIT 11 +/-3 Entire Study 15/0 NR
2002’ no treatment 10 +/- 2 55/45 14/4
Van Bever SCIT 9 (Range 7-11) 9/0
19918 18 Placebo 12 (Range 8-22) NR 9/0 NR
Van Bever 19 SCIT 12.2 (Range 8- 16) NR 9/NR NR
1990° Placebo (after 1 year of SCIT) 12 (Range 9-14) 10/NR
Wang SCIT 56/44 64/2 7.1+/-0.81
2006 132 Placebo Range 6-45 61/39 65/1 7.3+-0.79
Schubert 34 SCIT Cluster 10 NR 20/2 NR
2009™ SCIT Classic 8.5 NR 1412
Kohno 16 SCIT 25.8 75/25 8/0 NR
1998% Placebo 26.3 66/34 6/2




Duration of

Stud Patients Comparators Age in years Sex % Patients enrolled/ disease (Mean
y randomized P Mean +/- SD (range) | male/female dropouts
years affected)
Maestrelli 95* SCIT 20 +/- 8 61/39 41/8
2004% Placebo 23 +/- 10 71/29 31/15 1
Olsen SCIT 32 (Range 18-56)
1997 31 Placebo 40.7 (Range 22-64) NR NR NR
Ohman 17 SCIT 26 (Range 22-31) NR 9/0 NR
1984 Placebo 30 (Range 24-48) NR 8/0
Van Metre 29 SCIT Range 21-52 N 5/6 1111 NR
1988 Placebo Range 21-52 N 5/6 11/0
Ygg%‘i'ﬁa ”7 scIT 11 (Range 5-18) 60/40 15/0 \R
Valovirta 19848 Placebo 10.5 (Range 5-16) 58/42 12/0
Mallin 23 SCIT 25 (Range 17-43) 64/36 11/1 16
1986" Placebo 31 (Range 16-54) 82/19 11/0 24
Adkinson 1997%° 121 SCIT 9+4/-2 80/20 61/8 greater than 1
Limb 2006%* Placebo 9+/-2 76/24 60/3 greater than 1
b) Table D2b. Patient characteristics- SCIT-Rhinitis
Stud Patients Comparators Age in years Sex % Patients enrolled/ dizgztelo(rl\l/lg;n
y randomized P Mean +/- SD (range) | male/female dropouts
years affected)
Polosa 2004% 20 SCIT 32 (Range 21-54) 67/33 15/0 7.8
Polosa 2003 % Placebo 34 (Range 20-53) 33/67 15/0 8.2
Van Metre 39* SCIT Range 18-50 80/20 15/0 NR
1980% Placebo Range 18-50 71/29 14/0
SCIT-Weekly Range18-50 N 11/4 15/0
Van Metre 24 Placebo- weekly Range18-50 N 4/1 5/0 NR
19817 SCIT- clustered Range18-50 N 13/5 18/0
Placebo-clustered Range18-50 N 2/4 6/0




Duration of

Stud Patients Comparators Age in years Sex % Patients enrolled/ disease (Mean
y randomized P Mean +/- SD (range) | male/female dropouts
years affected)
. 26 SCIT high dose 12/NR
Franklin 1967 25 SCIT low dose NR NR 13/NR NR
. 27 SCIT 50/50 10/
Ariano 1997 20 Placebo 27-42 years Al study 10/ 2-6 years
Median 38
SCIT (Range 32-48) 69/31 16/2
Durham . . Median 42
1999 32 discontinued SCIT (Range 32-48) 50/50 16/3 NR
Median 33
no treatment (Range 32-48) 66/34 15/
23
. 29 SCIT 26 (Range 20-39) 44/66 9/0
Reid 1986 5 dropouts Control 29 (Range 22-36) 66/44 9/0 NR
entire study
Junqueira de 50* SCIT 22 +/-14 66/34 25/10 NR
Queiros 2008%° Placebo 21 +/-13 34/66 25/10
31 SCIT- purified Range 17-52 30/3
'\Eﬂv‘f/;'ﬁ%gégs%o 80 SCIT- crude Range 17-52 NR 2002 NR
Placebo Range 17-52 30/2
SCIT high dose 7/1
Nanda SCIT medium dose 710
20043 28 SCIT low dose Older than 18 NR 710 NR
Placebo 7/1
c¢) Table D2c. Patient characteristics- SCIT-Rhinoconjunctivitis
Stud Patients Comparators Age in years Sex % Patients enrolled/ dizg;ltelo(rl\l/lg;n
y randomized P Mean +/- SD (range) | male/female dropouts
years affected)
Crimi 30 SCIT 32 (Range 21-54) 67/33 15/1 7.8
20043 Placebo 34 (Range 20-53) 33/67 15/0 8.2
Bernstein 148 SCIT Entire study Entire study 68/NR At least 3
1976 Placebo 30.0 53/57 60/NR At least 3
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Duration of

Stud Patients Comparators Age in years Sex % Patients enrolled/ disease (Mean
y randomized P Mean +/- SD (range) | male/female dropouts
years affected)
Frew SCIT 100,000 SQ-U 38 +/- 9 (Range 18-60) 54/46 203/34 20.6
2006% 410 SCIT 10,000 SQ-U 37 +/- 9 (Range 20-58) 57/43 104/17 20.2
Placebo 38 +/- 9 (Range 19-59) 61/39 103/12 19.9
37
gﬁ:ﬂzﬁlgglloas 20 scIT 38(Range 32-48) 69/31 21/2 NR
Durham 1996% Placebo 42(Range 33-50) 50/50 19/3
James 13 SCIT 4 years 33 (Range 32-36) 57/43 7/0 NR
2011 SCIT 2 years + Placebo 2 years 35 (Range 30-37) 66/34 6/0
Walker a4 SCIT 32 (Range 22-64) 45/55 22/2 NR
2001% Placebo 32 (Range 23-59) 59/41 22/5
Shami SCIT 100.000 38 +/- 9(Range 18-60) 54/46 112/NR 20 (eye-nose)
20124£ 221 SCIT 10.000 37 +/- 9(Range 20-58) 56/44 54/NR 16 %Iun )
Placebo 38 +/- 9(Range 19-59) 60/40 55/NR 9
SCIT purified Timothy 24/4
43 SCIT crude Timothy . 17/3
Frostad 1983 60 SCIT grass mix Median age 25 NR 19/3 NR
Control 30/NR
. 44 SCIT 30 (Range 21-49) 63/37 24/0 Median: 13
Klimek 1999 48 Pharmacotherapy 31 (Range 15-50) 66/34 24/0 Median: 12
. 45 SCIT 29 (Range 18-44) 47/53 16/1 8
Leynadier 2000 29 Placebo 31 (Range 20-42) 54/46 13/1 11
The PAT study
Méller 2002 205 SCIT Entire study Entire study 103/NR NR
Niggeman2006*’ Placebo 16 (Range 11-20) 66/34 102/NR
Jacobsen2007*
49 25*% SCIT-Artemisia Entire study 9/3
Olsen 1995 SCIT- Betula /Phleum extract Range 18-45 40.0/60.0 11/2 NR
50 SCIT 28 (Range 18-53) N 30/15 45/1 13
Zenner 1996 86 Placebo 29 (Range 16-49) N 29/12 41/0 12
51 SCIT Timothy 9/2
Dreborg 2011 20 SCIT dust mite 29 (Range 17-55) 55/45 11/4 NR
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d) Table D2d. Patient characteristics- SCIT-Asthma and rhinitis

. . Duration of
Patients Age in years Sex % Patients enrolled/ .

Study randomized Comparators Mean +/- SD (range) | male/female dropouts S(Iaz(regsaeff(e,\g?:;)
Ariano 30 SCIT 35 +/- 10 55/45 20/NR 2
2006°* Pharmacotherapy 32 +/-11 60/40 10/NR 2
Ferrer 57 SCIT 36 +/-11 39/61 28/6 NR
2005 Placebo 33 +/-10 52/48 29/9
Naclerio 1997%* 20 SCIT NR NR 10/0 1
lliopoulos 1991%° Placebo NR NR 10/0 1
Arvidsson 2004%° 49+ SCIT 33 (Range 21-45) 38/62 22/1 NR
Arvidsson 2002°’ placebo 31 (Range 19-45) 44/56 22/1
Munoz Lejarazu, 60 SCIT-Perennial 19 +/- 10 62/38 26/5 47 +/-3.1
1993 SCIT-Seasonal 18 +/-9 56/44 28/6 4.9 +/-3.4
Nouri-Aria 2003 44 SCIT 32 (Range 22-64) 45/55 2212 NR
Walker 2001* Placebo 32 (Range 23-59) 59/41 22/5
Muro SCIT Cluster 16 SE: 1 70/30 29/2
1999°° 63 SCIT Conventional 16 SE: 2 73127 19/1 NR

Control 19 SE: 2 80/20 15/2

Tabar 239 Cluster 19 +/- 10 63/37 120/23 4
2005 Conventional 18 +/-9 60/40 119/20 4
Newton 16 SCIT 29 (Range 20-38) 43/57 7/1 16
1978 Placebo 30 (Range 18-44) 57/43 711 7.7
Prieto 40 SCIT 25 (Range 22-29) 43/57 21/5 NR
2010°% Placebo 22 (Range 18-26) 72/28 18/0
Horst o SCIT 12 +/- 5 (Range 7-23) 75125 13/0 NR
1989% Placebo 13 +/- 15 (Range 5-56) 74126 11/2
Tabar 28 SCIT 13SE 4 86/14 14/1 NR
2007% Placebo 15 SE 6 93/7 14/4
Akmanlar 18 SCIT Rush 7 +l-2.6 NR 9/0 NR
2000 SCIT Conventional 9+-4 NR 9/0
Pichler S scIT 29 (Range 20-46) 63/37 16/NR Runits: 5.0
1996% P Placebo 32 (Range 20-42) 72/28 14/NR thma:s.9

whole study Rhinitis: 6.4;
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Duration of

Stud Patients Comparators Age in years Sex % Patients enrolled/ disease (Mean
y randomized P Mean +/- SD (range) | male/female dropouts
years affected)
Asthma:5.1
Varnegl 36 SCIT 33 (Range 19-48) N 6/9 15/4 NR
2003° Placebo 37(Range 23-55) N 7/6 13/4
Petersen 54 SCIT 30 (Range 15-72) 48/52 2714 8.3
1988% SCIT 32 (Range 15-56) 41/59 27/5 6.8
Hedlin 3 drgzouts SCIT 11.7 (Range 7-16) 53/57 15/NR NR
19997 P SCIT and Placebo 12 (Range 10-16) 43/57 14/NR
whole study
Cantani 300 SCIT Entire study Entire study 151/NR NR
1997™ Pharmacotherapy 4 (Range 3.-7) 58/42 149/NR
e) Table D2e. Patient characteristics- SCIT-Asthma and Rhinoconjunctivitis
. . Duration of
Patients Age in years Sex % Patients enrolled/ .
Study randomized Comparators Mean +/- SD (range) | male/female dropouts disease (Mean
years affected)

Mirone 32 SCIT 37 (Range 27-54) 44/56 16/3 NR
20047 Placebo 36 (Range 23-60) 69/31 16/4
Osterballe1982"
Osterballe1981" 40 SCIT- partially purified extract 24 (Range 15-43) 70/30 20/0 75
Osterballe1980"° SCIT- Ag 19 25 24 (Range 15-38) 60/40 20/1 10
Osterballe1982
Pence 20 SCIT 37 41/59 17/3 NR
1975 Placebo 44 40/60 15/5
Rak
2001 4l SCIT 30 (Range 18-41) 43/57 21/0 NR
Rak Nasal steroid 29 (Range 21-42) 65/35 20/0
2005"°
Dreborg 30 SCIT 11 (Range 5-17) NR 16/NR NR
1986% Placebo 11 (Range 5-17) 14/NR
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Duration of

Study Patients Comparators Age in years Sex % Patients enrolled/ disease (Mean
randomized Mean +/- SD (range) | male/female dropouts
years affected)
Kuna 50 SCIT 12 +/-4 50/50 30/NR 2 vears
2011% Placebo 11 +/-4 50/50 20/NR y
Weyer 33 SCIT 26 (Range 9-42) N 7/10 17/NR 5
1981% Placebo 26 (Range 15-46) N 9/7 16/NR 6
21 +/- 10
(Rangel4-44)
Bousquet 70 SCIT grass 22 +/-12 16/NR 9.6
19918 4 dropouts in Placebo grass (Range 14-44) 44/46 17/NR 10
Bousquet the entire SCIT multiple 24 +/- 8 16/NR 8.5
1991% study Placebo multiple (Range 14-44) 17/NR 9.2
26 +/- 13
(Range 14-44)
Chakraborty SCIT 32 18/0 NR
2006 35 Placebo 33 NR 17/0
Dolz 28 SCIT 18.3 NR 18/NR 4.7 years
1996% Placebo 215 10/NR 4.8 years
Alvarez-Cuesta 28 SCIT 23 (Range 15-65) 21/79 14/0 NR
1994% Placebo 29 (Range 15-65) 22/78 14/0
34 (Median)
Varne&/3 28 SCIT Range 22-46 N 3/10 13/NR NR
1997 Placebo 32 (Median) N 7/8 15/NR
Range 19-50
Tabar SCIT 5 years 18 30/70 70/21
2010%° 142 SCIT 3 years 125 55/45 72/8 NR
Control 19 52/48 27
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TABLE D3. INTERVENTION CHARACTERISTICS -SCIT
a) Table D3a. Patient characteristics- SCIT-Asthma

. . Duratio
Conventiona . : . Major
Maintenance Cumulative Maintenance n of
Study ARMS I/Rescue . allergen
Dose Dose Dosing Interval treatme
therapy content nt
0.5 mL of 1:10
Creticos SCIT Ragweed ONLY rescue dilution (actual mean NR m(I)Er\wltirg tigzzlf(tz:%rvgr 10 pg of Amb 2 vears
1996" medication dose in year = 4 ug of y al y
Placebo 4 weeks
Amb al)
SCIT Rye grass conventional Every 2 weeks until the
Hill Rush thera 75-1000PNU = NR start of the season; then NR 8 months
19822 Py 1 PNU of rye pollen every 4 weeks until the
Placebo end of season
SCIT Dust mite 50000 -100000 SQ
Adsorbed (targeted)
Altintas Aluminum 60000 to 100000 SQ 2 years
19993 NR (actual) NR Every 4 weeks NR
SCIT Dust mite 6-10 IR
Adsorbed calcium (10 IR = 1/1000w/v)
SCIT Rush 7 weeks
Bousquet 3000 BU(=to 0.1 ml
1985° NR of 1/100 wiv) NR Weekly NR (not clearly
Placebo stated)
Bousquet SCIT Dust mite conventional Weekly for 6 weeks;
1988° 3000 BU NR then every 2 weeks for 1 year
therapy NR
No treatment 1 year
SCIT Dust mite
Garcia-Ortega Cluster conventional
1993° therapy 100000 SQ 2000000 SQ Every 15 days 7 months
Pharmacotherapy
SCIT Dust mite
Pifferi HDM conventional 24758.33 U
2002" therapy 800 U (mean) 4 -6 weeks NR 3 years
No treatment
SCIT Dust mite
Van Bever Cluster conventional
19918 therapy 1000 BU 16497 BU Every 4 weeks NR 1 year
Placebo
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Duratio

Conventiona . . : Major
Stud ARMS IIRescue Maintenance Cumulative Maintenance alleraen n of
y Dose Dose Dosing Interval 9 treatme
therapy content nt
SCIT Dust mite (15:';71,' fg;‘g
Van Bever Cluster conventional A K
1990° therapy 1000 BU Year 2.. 12000) Every 4 weeks NR 2 year
SCIT HDM Placebo Yearl: 16,497
Year 2:placebo
SCIT dust mite
Vgggglo alum-precipitated Onl:“e_(\j(igztsigﬁe 100000 SQ-U NR 6 weeks 9.8 pug Der p1 1 year
Placebo
SCIT dust mite
Cluster 5000 TU after 6 Either Every 2- 4 weeks
alum-precipitated . weeks 30,825 TU or y
Schubert conventional
2009" . therapy 33825 TU Every 2 weeks NR 16 weeks
SCIT dust mite 5000 TU after 14 21,325 TU
Conventional weeks
alum-precipitated
1 mg dust mite
SCIT dust mite . extract = 9.8
s | Opertond | 0as0a0m W | eeeramonte | ngotmaer | g o
1998 . of 1/10 wt/vol 6 months allergens Derl
Bronchodilators and Der2 (5.4
ng was D far)
Maestrelli SCIT dust mite conventional 7 BU (adults) 6 pg /ml major
200423 therapy 6 BU (children) NR every 3 weeks antigens 3 years
Placebo (Derl + Der2)
SCIT dust mite
S ONLY rescue 3 weeks for one dose;
Olsen alum-precipitated L 100000 SQ-U ! 7 ug Derplor
19971 medication (after 15 weeks) NR ever:y 6 v¥teeks 10 g Der f 1 1 year
Placebo thereafter
0.3 ml of extract 13 units of cat
Ohman 1984 SCIT Cat containing 13 units of 10.9 units cat Weekly allergen 1 U/ml
NR cat allergen 1 per mi allergen or 272 ug or 300 Ld /ml 16 weeks
Placebo or 300 pg/ml of cat of cat albumin HY

albumin)

of cat albumin)
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Duratio

Conventiona . . : Major
Maintenance Cumulative Maintenance n of
Study ARMS I/Rescue . allergen
Dose Dose Dosing Interval treatme
therapy content nt
SCIT Cat 1.0 mL of 4 .56 FDA 4 .56 FDA At least 1
Van Metre 1988 conventional units of Fel d 1 per NR Biweekly units ear
Placebo therapy mL. of Feld 1 y
valovirta SCIT Dog 100,000 SQ U
19867 alum-precipitated NR (Range fro.m 8000 to NR 6 weeks NR 1 year
Valovirta 19842 50000in 4/15
Placebo subjects)
18,000 BU mean
scIT “maintenance” dose
Mallin Cladosporidium conventional 46,000 BU mean
1986" P therapy “top” dose 444,000 BU Every 4 weeks NR 5-7 months
100000 BU target
Placebo P .
top” dose; (only 1
patient)
4.3 ug Der p1-
5ug Der f1-
26 pg Amb al
3% Hg group 1
i rass mix —
Adklnzgon SCIT : tirr(10thy orchard -
1997 . . Biweekly for 24 months,
Multiple allergen conventional 0.7 mL of concentrate ks af ryegrass) 6 |g
. herapy and NR every 3 weeks after 24 Altal 27 months
Limb t Py months
20062 Placebo rescue therapy Not reported for

Bermuda grass
English plantain
white oak
Cladosporium
Aspergillus
fumigatus

BU: Biological units SQU: standard quality units PNU: Protein Nitrogen Unit AU Allergy unit pg Ag/ml: major protein unit TU Treatment units wt/vol Weight to
volume SE: Specific units of short-term immunotherapy IR: See appendix C for detailed explanation on unitage

b) Table D2b. Patient characteristics- SCIT- Rhinitis

. , Duratio
Conventiona . : . Major
Study ARMS IIRescue Maintenance Cumulative Ma_lntenance allergen n of
Dose Dose Dosing Interval treatme
therapy content nt

D-17




Duratio

Conventiona . . : Major
(0]
Stud ARMS IIRescue Maintenance Cumulative Maintenance alleraen n of
y Dose Dose Dosing Interval 9 treatme
therapy content nt
Polosa a|Su$r|1T f:;i'eittzrt': g ONLY rescue 80000 SQ U
2004% precip medication (equivalent to 8000 Every 4 weeks 48 pugParji 3 years
Polosa 2003* BU)
Placebo
Van Metre SCIT Ragweed conventional 84.9 ug AgE range: 84.9 ug Age
1980% therapy 18.1-351.2 g Weekly (median 7 months
Placebo AgE cumulative)
SCIT-Ragweed-
weekly 9.4 ug AgE (median)
Van Metre Placebo-weekly conventional 18.7 ug AgE (target) 70 ug AgE Every 1 to 3 weeks 9.4 ug Agt
1981%° therapy 7 months
SClT(;IES?g\rNeed 4.7 pg AgE (median ) 17.5 pg AgE Every 3 weeks 4.7 pg AgE
18.7 ug AgE (target)
Placebo-clustered
SCIT high dose conventional 0.3-0.irc])1rllt(:)f 10 6 injections 3months
Franklin 1967°° t